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INTRODUCTION 


On  a  TV-monitor  not  more  than  about  30  different  grey  levels  can  be  made  perceivable  within 
one  picture.  Simple  state  of  the  art  cameras  can  record  more  information.  In  large  dynamic  range 
scenery  high  performance  cameras  can  be  necessary  to  resolve  small  contrasts  due  to  the 
recording  of  quite  different  brightness  regions.  Small  contrasts  may  be  caused  also  by 
atmospheric  haze  and  fog  or  by  dust  and  smoke  e.g.  under  battle  field  conditions. 

Image  processing  is  always  necessary  to  bring  the  recorded  information  within  the  perception 
domain  of  the  monitor. 

Well-known  histogram  modification  techniques  can  render  improved  image  quality  perception 
but  its  effectiveness  also  often  depends  on  the  conqrasition  of  the  scene.  Sometimes  it  can  even 
render  worse  quality  in  local  parts  of  the  image. 

At  TNO-FEL,  The  Netherlands  an  image  processing  algorithm  has  been  developed  that, 
independent  of  its  local  brightness,  enhances  the  contrasts  in  any  part  of  the  image  [I]. 

With  a  high  performance  camera  (12-bit),  developed  at  the  TNO-FEL,  a  data-base  of  'still' 
pictures  taken  under  various  atmospheric  conditions  has  been  used  for  evaluation  of  the 
mentioned  image  processing  algorithm. 

It  was  shown  that  all  the  recorded  information  could  be  made  perceivable. 

Under  conditions  of  haze  and  fog  it  resulted  in  a  significantly  extended  visual  range  and  at  clear 
weather  at  least  in  a  more  clear  and  comfortable  vision. 

In  chapter  2  a  short  description  will  be  given  of  the  potentials  of  the  algorithm  with  2  examples. 
TNO-FEL  has  participated  in  the  Best-Two  trial  at  Mourmelon  with  a  PC-controlled  camera  setup 
with  3  CCD-cameras,  to  evaluate  the  contrast  inqTrovement  as  function  of  various  battle  field 
conditions.  Improved  camera  performance  and  dedicated  image  processing  generally  results  in  an 
extended  visual  range. 

This  measuring  setup  will  be  shortly  described  and  discussed  in  chapter  3  and  the  pictures  taken 
with  this  setup  in  Mourmelon  will  be  discussed  in  chapter  4. 

Processing  results  will  be  discussed  in  chapter  S,  for  each  scenario  some  examples  will  be  given 
in  chapter  6. 

It  is  now  clear  that  often  the  contrast  loss  due  to  dust  and  smoke  is  so  complete  that  processing 
often  does  not  yield  new  information  within  the  perception  domain.  Then  the  contained 
information  is  yet  more  clearly  presented  after  processing. 


TNO  report 


Page 

7 


Within  10  to  20  seconds  the  transmission  of  the  dust  or  smoke  clouds  is  often  considerably 
improved  and  new  information  can  be  made  perceivably  after  processing. 
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2  POTENTIALS  OF  THE  DEDICATED  IMAGE  PROCESSING 

The  dedicated  image  processing  (FEL-)  algorithm  is  based  on  dynamic  range  transformation  with 
local,  adaptive  contrast  enhancement  [1]. 

The  range  transformation  depends  on  the  recorded  luminance  range  in  the  scenery,  which  must  be 
mapped  on  the  optimum  range  of  the  monitor.  This  mapping  ustially  implies  a  compression  of 
range,  which  is  accompanied  by  loss  of  contrast.  A  local  ad^tive  contrast  enhancement  is 
simultaneously  carried  out  by  using  local  statistics.  The  calculations  are  carried  out  in  the 
logarithmic  domain.  They  result  in  a  contrast  enhancement  independent  of  the  local  brighmess; 
dark  and  light  regions  are  treated  in  the  same  way.  The  contrast  enhancement  is  realized  by 
multiplying  the  local  contrast  difference  by  an  adaptive  constant,  which  on  its  turn  is  calculated 
from  the  local  variance.  The  local  contrast  difference  is  calculated  by  a  moving  average  filter;  the 
size  of  the  filter  can  be  chosen  by  the  operator;  in  far  most  of  the  cases  a  3x3  size  will  suffice. 

All  the  recorded  information  can  be  made  perceivable  without  rendering  artefacts  and  with 
preserving  a  natural  appeaiaacc  of  the  recorded  scene.  An  example  is  given  in  fig.2.1  concerning 
a  city  view  taken  from  the  laboratory  tower  during  a  dense  fog.  At  the  top  is  the  original  12-bit 
picture  (before  processing),  at  the  bottom  the  same  picture  after  processing.  The  visibility  varied 
from  1  to  about  4  km  with  a  layer  of  more  dense  fog  just  beyond  the  horizon. 

Obvious  the  processing  results  in  an  extended  visual  range  and  in  a  more  comfortable  image.  In 
this  example  the  processing  result  benefited  to  a  considerable  extent  from  the  dynamic  range 
transformation  due  to  the  limited  grey  level  range  in  the  original  picture.  This  limited  range  is  due 
to  the  luminance  bias,  which  is  caused  by  scattering  of  light  at  the  fog  particles. 

Another  example  is  given  in  fig.2.2,  concerning  now  a  picture  taken  during  clear  weather  from 
the  inner  court  of  the  laboratory.  On  top.  again,  the  original  12-bit  picture  (before  processing)  is 
shown,  at  the  bottom  the  same  picture  after  processing.  The  full  grey  level  range  from  black  to 
white  is  already  present  in  the  original  picture,  the  range  transformation  will  not  be  helpful!  now. 
Nevertheless,  also  in  this  case  more  information  becomes  perceivable  after  processing,  especially 
from  within  the  rooms.  This  result  is  mainly  due  to  the  local  contrast  enhancement. 
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MEASURING  SETUP 


3.1  Instrumentation 

For  field  measurements  a  PC-controlled  setup  has  been  developed  that  can  control  up  to  four  8-bu 
cameras  and  one  12-bit  camera.  An  advanced  framegrabber  board  of  Imaging  Technology  Inc. 
(VS-100  AT)  has  been  used  as  the  data  acquisition  board. 

Analog  video  data  of  the  8-bit  cameras  are  fed  directly  into  the  framegrabber  board  and  converted 
to  8-bit  512x512  digital  images. 

Digital  data  of  the  12-bit  camera  are  directly  fed  into  the  12-bit  digital  input  port  of  the 
framegrabber.  The  video-output  of  each  CCD-pixel  of  the  TNO-FEL  camera  is  separately  filtered 
according  a  Correlated  Double  Sample  technique  and  12-bit  AD  converted.  The  image  size 
therefore  corresponds  with  the  number  of  sensor  pixels  (384  per  line),  rather  than  with  the  sensor 
dimensions.  The  prints  of  the  camera  pictures  given  in  this  report  are  made  by  a  video  copy 
processor  and  give  the  correct  image  size.  The  necessary  geometrical  correction  to  generate  a 
conect  image  size  has  been  carried  out  by  pixel  replication,  such  that  along  every  image  line  the 
number  of  image  pixels  is  extended  from  384  to  512.  Image  storage  was  on  a  WORM  optical 
storage  medium. 

The  platform  in  Mourmelon  contained  3  CCD-cameras: 

1  a  12-bit  daylight  system 

2  a  8-bit  daylight  system 

3  a  8-bit  gated  Image  Intensified  CCD  system  for  day  and  night 
Specifications  of  these  cameras  are  given  in  table  3.1. 

A  photograph  of  the  camera  setup  is  given  in  fig.3. 1 . 

On  top  are  the  3  CCD-cameras,  the  white  box  just  below  contains  the  analog  electronic  circuits 
for  controlling  the  12-bit  camera. 

The  most  important  circuits  are; 

the  drivers  and  receivers  for  the  readout  electronics 
drift  compensation  circuits 
correlated  double  sampling  circuits 
12-bit  AD  conversion 


TNO  report 


Page 

12 


Digital  data  are  transmitted  via  a  junction  box  to  the  framegrabber  board  in  the  PC-Vectra 
computer.  Analog  video  of  the  8-bit  CCD-cameras  is  transmitted  directly  to  one  of  the  analog 
inputs  of  the  framegrabber  board. 

A  photograph  of  the  complete  setup  under  canvas  during  the  battlefield  trial  is  given  in  fig.3.2. 


Figure  3.1:  PC-controlled  camera  setup  with  on  top  from  left  to  right:  8-bit  image  intensified  camera  for 
day  and  night,  a  12-bit  and  a  8-bit  daylight  camera. 
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Figure  3.2;  Experimental  setup  under  canvas  at  the  Mounnelon  site. 


3.1.1  12-bit  daylight  camera 

The  provisions  for  achieving  a  12-bit  performance  have  been: 

a  slow  read-out  of  the  sensor. 

b  cooling  the  sensor  down  to  -30  ’Celsius  by  means  of  a  two-stage  Peltier  cooler 
c  correlated  double  sample  of  pixel  video 
d  sophisticated  drift  compensation 

The  camera  head  is  a  modular  double-walled  (air-filled)  chamber  to  prevent  condensation  on  the 
chip,  which  with  the  Peltier  elements  is  mounted  in  the  inner  compartment. 

The  black  box  with  ribbons  on  top  of  the  setup  in  fig. 3.1  is  the  heat-sink  for  the  Peltier  cooler. 
The  large  dimensions  have  been  chosen  to  prevent  forced  cooling. 

E)espite  the  high  ambient  tem|.>eratures  of  40  *C  or  more  during  the  Mourmelon  trial,  the  sensor 
temperature  of  -30  *C  could  easily  be  maintained.  However,  due  to  a  several  extra  power 
consuming  PC -boards,  a  reliable  operation  of  the  controlling  PC -computer  could  be  guarantied 
only  up  to  ambient  temperatures  of  about  25  *C.  During  the  trial  therefore  the  computer  was  put 
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in  a  modified  refrigerator  and  kept  on  a  ten:^>erature  of  about  15-20  *C.  Also  the  optical  storage 
medium  was  put  in  the  refrigerator,  but  more  because  of  precautions  against  dust  pollution. 
Hiroughout  the  trial  this  resulted  in  a  faultless  operation  of  the  instrumentation. 


Table  3.1:  Specificadons  of  the  used  CCD-cameras. 


camoa 

12-bit  daylight 

8-bit  daylight 

8-bit  low  light  level 

CGD-sensor 

type 

HxV  pixels 

HxV  dimensicHis 

interline 

380x488 

11x8.4  mm 

frame  transf. 

604x588 

6x4.5  mm 

frame  tiansf. 

604x588 

6x4.5  mm 

Image  Intensifier 
type 

1st  stage 

2nd  stage 
gain 

E.B.I 
gating 
oQ/off  lado 

2-stage  hytaid 
2ndgen.l8nun 
lstge».18/7 

105  Cd/m2/lux 

0.18  microlux 
200nsec-inf. 

106 

Dynamic  Range 
(intrascene) 

4000 

200 

<200 

gain  control 

camera  head 

fixed 

Pelder  cooled  -30  *C 

optioiud 

ccd  optional 
n  fixed 

3.2  Measuring  location 

Description  of  the  instrumentation  areas  during  the  Mourmelon  trial  can  be  found  in  several  'best- 
two'  reports  and  in  the  best-two  test  plan  as  well  [2].  A  schematic  layout  of  the  test  site  is  given  in 
fig.3.3. 

The  CCD-camera  setup  was  at  the  field  instrumentation  area  (FLA)  and  is  indicated  in  fig.3.3  by 
point  'B',  which  was  about  100  m  to  the  north  of  the  setup  of  the  TNO-FEL  infrared  group,  which 
is  indicated  by  point  'A'  (see  also  de  Jong  [3]). 
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This  location  for  the  CXTD-cameras  has  been  chosen  because  of: 
a  the  shorter  distances  to  the  passing  vehicles  (1-1.5  Km  instead  of  4  to  1  Km) 
b  transmission  measurements  in  various  wavelength  regions  from  the  same  location 
c  the  presence  of  several  contrast  targets  within  the  FOV  of  the  cameras. 

For  a  more  detailed  illustration  of  the  FIA  with  its  relevant  facilities  see,  for  instance  de  Jong  [3]. 
A  photographic  survey  of  the  site,  as  seen  from  the  Field  Instrumentation  Area,  is  shown  by  the 
photogr^hs  in  figs  3.4A  and  3.4B.  hi  the  panorama  view  of  figs.3.4A  and  3.4B  the  site  is 
pictured  from  the  North  to  the  South  from  top  right  to  bottom  left  (that  is  according  block  11, 
12,...21,  22  etc.  in  fig.3.4A  down  to  block  64  in  fig.3.4B).  The  Main  Instrumentation  Area  was 
located  in  the  South,  but  could  not  be  perceived  from  the  FIA. 

A  photograph  of  a  part  of  the  site  with  some  contrast  boards  (according  to  block  42  in  fig.3.4B)  is 
given  in  fig.3.S.  Most  of  the  pictures  given  in  this  report  cover  a  large  part  or  whole  of  the  scene 
given  in  this  photograph.  The  fields  of  view  of  the  8-  and  12-bit  cameras  are  mostly  not  the  same, 
because  the  different  sensor  dimensions  have  not  been  fully  compensated  by  the  {^plied  focal 
length  of  the  lens. 

A  detail  of  the  most  often  occurring  scenes  with  the  contrast  boards  appears  in  fig.3.6  with  at  the 
light  a  concrete  bunker  and  at  the  left  the  contrast  boards  with  calibrated  grey  levels  and  boards 
with  different  elevation  angles,  each  with  two  different  surface  structures  [3]. 

The  distance  between  these  boards  and  the  camera  setup  was  about  1000  m. 


TNO  report 


Page 

16 


Figure  3.3:  Schematic  layout  of  the  Mounnelon  site  with  the  F(ield)  I(nstTumentation)  A(rea)  around  the 
points  A  and  B.  The  CCD-camera  setup  was  located  at  point  B. 
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Figure  3.4A:  Nortfaem  pait  of  a  panorama  view  of  die  Mouimekm  site,  viewed  at  the 

Field  bstiumentatioa  Area  from  the  North  (top  right)  to  the  South  (bottom  left). 


Figure  3.4B:  Southern  part  of  a  panoranu  view  of  the  Mourmelon  site,  viewed  at  the 

Held  faistrumcntauon  Area  from  the  North  (top  tight)  to  the  South  (bottom  left). 


Page 

19 


Figure  3.5:  Photograph  of  part  of  the  site,  that  is  pictured  in  most  of  the  recorded  images. 


Figure  3.6:  Contrast  boards  from  left  to  right:  white(l.O),  light  grey(0.8),  dark  grcy(0.52),  black(O.O), 
army  grcen(0.3)  and  2  boards  each  with  glossy  and  rough  surface,  respectively  at  elevation 
angles  of  90, 60,  and  30  degrees;  to  the  left  a  concrete  bunker. 
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4  IMAGE  DATABASE 

4.1  ^  Image  distributions 

Nearly  900  still  video  pictures  have  been  recorded  during  the  BEST-TWO  trial  with  the  three 
camnas  together.  A  coirq)lete  survey  of  gll  the  recordings  is  given,  in  chronological  order  per 
day,  in  the  bar  diagram  of  fig.4.1.,  by  separate  bars  for  each  of  the  three  cameras.  Special  pictures, 
taken  during  periods  not  belonging  to  the  regular  sessions,  are  included.  Each  day  two  or  three 
sessions  took  place,  each  with  one  scenario  according  the  Best-Two  test  plan  [2].  The  same 
scenario  might  occur  in  different  sessions.  A  short  description  of  each  session  is  given  in 
Appendix  A.  In  this  description  the  number  and  the  type  of  vehicles  are  given  with  their  speed, 
formation  and  run  time.  Also  the  number  of  the  recorded  8-bit  daylight  and  12-bit  daylight 
camera  images  is  given  with  the  period  within  the  sessions,  during  which  the  images  have  been 
recorded.  Finally  the  number  of  processed  images  and  the  selected  number  of  images  for  the  US 
database  and  the  number  for  the  final  TNO  database  is  given  for  each  session.  See  for  a 
description  of  the  sessions  also  [2,3,4]. 

A  survey  is  given  of  all  the  recorded  images  for  each  of  the  separate  scenario's  in  the  bar  diagrams 
of  fig.4.2  for  the  8-bit  daylight  camera  images  and  in  fig.4.3  for  the  12-bit  daylight  camera  images 
(the  test  week  is  included  when  t^licable).  In  both  diagrams  the  dark  bars  give  the  total  number 
of  recorded  images  and  the  light  bars  give  the  number  of  images  selected  for  the  US  database  for 
each  of  the  given  scenario's. 

The  selections  are  based  on  the  estimated  interest  of  the  images,  which  is  defined  by  a  P(icture) 
IN(terest)  code.  This  PIN  code  and  the  various  used  selection  criteria  will  shortly  be  described  in 
the  next  paragrt^h  4.2  and  more  extensively  in  the  Appendix  B.  From  fig.4.3  it  is  apparent  that 
for  scenarios  3B  and  4A  only  few  12-bit  pictures  have  been  selected  for  the  US  database.  This  is 
due  to  the  many  low  quality  pictures,  as  will  be  explained  in  paragraph  4.4.3. 

A  complete  list  of  the  final  selection  for  the  TNO-FEL  database  is  given  in  Appendix  C.  In  this 
final  TNO  database  only  the  complete  failures  have  been  omitted;  all  the  images  selected  for  the 
US  database  and  all  the  processed  images  are  included  in  the  final  database. 

Many  recording  conditions,  parameters  and  properties  of  the  images  are  given  in  this  list  of 
recordings.  A  fiill  description  will  be  given  in  Appendix  C  and  a  short  description  in  paragraph 
4.3. 


8-bit  daylight  images 


1  2A  2B  2C  3A  3B  4A  4B  4C  4D  4E 
8-brt  daylight  images  per  scenario 

total  nr.  H  US  database  nr. 


Figure  4.2:  Survey  of  8-bit  daylight  pictures  per  scenario;  the  light  bars  give  the  total  number  of  pictures 
and  the  dark  bars  give  the  selection  in  the  U.S.  database. 

12-bit  images 


1  2A  2B  2C  3A  3B  4A  4B  4C  4D  4E 
12-bit  images  per  scenario 

total  nr.  US  database  nr. 


Figure  4.3:  Survey  of  12-bit  daylight  pictures  per  scenario;  the  light  bars  give  the  total  number  of 
pictures  and  the  dark  bars  give  the  selection  in  the  U.S.  database. 
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Final  database  8-bit  day&l  2-bit  images 


1  2A  2B  2C  3A  38  4A  4B  4C  4D  4E 
Images  in  final  database  per  scenario 

my  8-bit  12-bit 


Figure  4.4;  Survey  of  8-bit  and  12-bit  daylight  pictures  per  scenario  in  the  final  TNO  database;  the  light 
bars  give  the  8-bit  daylight  pictures  and  the  dark  bars  the  12-bit  pictures. 

4.2  Picture  Interest 

A  picture  interest  code  has  been  assigned  to  all  the  image  files.  This  PIN  code  has  been 
determined  by  an  arrangement  of  two  or  three  observers.  The  code  is  expressed  with  respect  to  the 
significance  of  the  original  (unprocessed)  images.  The  most  important  criteria  have  been  the 
effect  of  processing  to  be  expected  and  the  presence  of  interesting  battle  field  effects  or  a  unique 
occurrence  of  the  picture.  This  signiHcance  of  the  picture  is  given  by  the  second  digit  of  the  PIN- 
code  or  by  a  single  digit  if  no  second  digit  is  given.  The  first  digit  in  a  2-digit  PIN  code  number 
refers  to  a  special  class  of  images,  such  as  dark  pictures,  condensed  or  iced  pictures  or  pictures 
with  no  relation  with  any  of  the  regular  scenario's.  A  picture  not  belonging  to  any  special  class 
gets  assigned  a  single  digit  PIN-code  number. 

A  full  description  of  the  picture  significance-criteria  and  the  special  classes  will  be  given  in 
Appendix  B  (paragraph  B.l). 

A  picture  with  an  excellent  photographic  quality  can  be  of  no  interest  with  respect  to  the 
mentioned  criteria  and  will  get  then  a  value  five  as  the  relevant  digit  in  the  PIN-code  number. 
Lower  valued  PIN-code  numbers  refer  to  uninteresting  pictures,  which  have  also  some  bad 
quality  aspects.  PIN-code  numbers  higher  valued  than  five  refer  to  pictures  with  some  interest. 


which  can  have,  however,  also  bad  (photographic)  quality  asp>ects.  In  fact,  the  most  interesting 
pictures  with  respect  to  the  expected  image  processing  effect  will  show,  in  most  cases,  far  from 
good  photognq>hic  quality  (before  processing). 

A  survey  of  the  assigned  PIN-code  number  distribution  for  the  8-bit  and  12-bit  daylight  pictures  is 
given  in  fig.4.5.  The  dark  bars  represent  the  number  of  8-bit  and  the  light  bars  the  number  of  12- 
bit  pictures  for  each  of  the  PIN  code  numbers.  The  distributions  are  retrieved  from  the  complete 
database. 

The  significance- value  of  the  8-bit  images  is  peaking  around  the  value  6;  the  12-bit  pictures  are 
expected  to  be  slightly  more  interesting  as  their  interest  is  pealdng  around  the  value  7. 

The  mean  significance-value  of  the  pictures  per  scenario  is  given  in  fig.4.6.  The  dark  bars  for  the 
8-bit  and  the  light  bars  for  the  12-bit  pictures.  Also,  here  the  complete  database  has  been 
considered.  The  scenario's  2C,  3A  and  3B  are  expected  to  be  most  interesting,  which  will  be 
confirmed  by  the  image  processing  results  in  the  corresponding  paragraphs. 

This  PIN-code  has  been  used  to  select,  for  transmission  to  the  US  data  base,  a  limited  set  of 
relevant  data.  They  have  been  used  for  defining  priorities  with  respect  to  the  images  to  be 
processed  and  for  composing  a  definite  list  of  qualified  recordings. 

A  full  description  of  the  selection  criteria  used  for  the  various  purposes  is  given  in  Appendix  B, 
paragrtqih  B.2. 
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The  selection  criteria  are  different  for  the  various  classes.  All  images  with  a  single  digit  PIN -code 
(most  of  the  regular  images  and  not  belonging  to  any  special  class)  with  a  value  6  and  higher  have 
been  selected  for  the  US-database  and  with  a  value  5  and  higher  for  the  final  database.  For  the 
special  classes  the  criteria  for  selection  have  been  chosen  somewhat  higher  (see  Appendix  B, 
paragraph  B.2).  All  the  images  recorded  during  the  regular  scenarios  and  having  a  PEN-code 
number  value  of  7,  8  and  9  have  been  processed. 

Sometimes  pictures  with  lower  valued  PIN-code  numbers  have  been  processed  in  order  to 
complete  a  succeeding  sequence  of  interesting  pictures. 

This  might  be  important  for  studying  the  effect  of  processing  as  function  of  the  time  lapse  after 
generation  of  peculiar  obscurants.  A  complete  survey  of  the  processed  images  per  scenario  is 
given  in  fig.4.7;  the  light  bars  give  the  number  of  8-bit  daylight  pictures  per  scenario  and  the  dark 
bars  give  the  number  of  12-bit  processed  images.  The  processed  images  with  PIN-code  number 
lower  than  7  have  been  included  in  fig.4.7.  Nevertheless,  figure  4.7  also  gives  a  rather  good 
representation  of  the  distribution  of  the  PIN-code  numbers  7  to  9  for  each  scenario.  All  the 
processed  images  are  included  in  the  fiinal  listing  of  recordings  in  Appendix  C  and  also  in  the  final 
database,  of  which  the  distribution  per  scenario  is  given  in  fig.4.4. 

A  chronological  listing  of  the  recordings  in  the  final  database  is  given  in  Appendix  C  with 
relevant  comments  and  is  shortly  described  in  the  next  paragraph  4.3. 

processed  images 


processed  images  per  scenario 
85858  8-bit  H  12-bit 


Figure  4.7;  Survey  of  processed  pictures  per  scenario  for  the  8-bit  and  12-bit  daylight  cameras;  the  light 
bars  give  the  8-bit  daylight  pictures  and  the  dark  bars  the  12-bit  pictures. 
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4.3  Listing  of  recorded  pictures 

During  most  sessions,  pictures  have  been  taken  with  the  8-  and  12-bit  daylight  cameras  and  a 
limited  number  with  the  Image  Intensified  CO>-  camera.  With  the  daylight  cameras  pictures  have 
been  taken  in  3  wavelength  regions,  defined  by  the  used  filter  ; 

a  from  400  to  1 100  nanometer  (without  filter);  in  column  8  of  the  list  of  recordings  (Appendix 
C),  the  corresponding  image  files  are  coded  with  'O', 
b  fiom  400  to  650  nanometer  (photopic  region);  in  column  8  of  the  list  of  recordings,  the 
corresponding  image  files  are  coded  with  'v'. 

c  from  675  to  1 100  nanometer  (near  infrared  region);  in  column  8  of  the  list  of  recordings  the 
corresponding  image  files  are  coded  with  'n'. 

With  the  I  -I  -1  -  camera  in  most  cases  recordings  have  been  made  in  the  wavelength  region  of  300 
to  875  nanometer  (=  without  filter). 

Only  one  picture  (with  one  of  the  cameras)  in  about  10  to  20  seconds  could  be  recorded,  which 
turned  out  to  be  a  serious  drawback  for  comparison  8  and  12-bit  performance  or  wavelength 
dependence  in  situations  of  fast  changing  transmission  characteristics  of  smoke  and  dust.  Within 
10  to  20  seconds  after  sand  bag  explosions,  the  transmission  was  often  already  considerably 
changed.  The  transmission  of  dust  clouds  due  to  moving  vehicles  depends  among  others  on  the 
speed  of  the  vehicles,  the  atmospheric  and  terrain  conditions,  the  mutual  distance  of  the  vehicles, 
the  wind  velocity  and  wind  direction  with  respect  to  the  cameras.  Also,  in  these  situations  the 
transmission  changed  considerably  within  10  to  20  seconds. 

A  selection  has  been  made  by  3  observers  with  respect  to  the  interest  of  the  original  (unprocessed) 
images;  most  of  the  very  low  quality  pictures  and  evident  irrelevant  pictures  have  been  deleted 
from  the  list  ;  some  picUires  with  bad  quality  regions  however  are  maintained  because  of  their 
unique  occurrence  or  interesting  properties. 

A  chronological  listing  of  the  recordings,  selected  for  the  final  database,  is  given  in  the 
Appendix  C. 

For  each  of  the  recorded  pictures  several  relevant  conditions  and  parameters  of  the  cameras,  the 
trial,  the  weather,  also  some  image  properties  and  various  codes,  are  given. 
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For  the  cameras: 

lulled  focal  length  of  the  lens, 

{q)plied  diaphragm  in  lens  stop  units, 
exposure  time  or  gating  time  (D-CCD  camera), 
i^lied  wavelength  and/or  neutral  density  filter. 

For  the  trial: 

Date  and  local  dme, 
type  of  scenario, 

remarks  on  special  battle  field  effects  and/or  the  presence  of  special  objects  in  the  scene 
(eventually  after  processing). 

For  the  weather  conditions: 
visibility  from  SITE.2US, 
transmission  from  LOWTRAN.US, 
luminance  level  at  FIA  location, 
air  teiiqierature  at  FIA  location, 
effective  temperature  from  MIAl.GE, 
relative  humidity  at  FIA  location, 
effective  humidity  from  MIAl.GE, 
wind  direction  and  velocity  from  MIAl.GE. 

For  the  images: 

The  frlename,  in  which  the  date,  the  number  of  the  session,  the  type  of  camera  is 
incorporated. 

The  PIN-code  with  the  expected  interest,  sometimes  a  special  class  indication. 

The  Image  Quality  code  with  in  its  first  digit  an  indication  of  the  photographic  quality  before 
processing,  in  the  second  digit  a  code  for  the  effect  of  applied  image  processing  (see 
paragraph  4.4.4). 

For  the  selections: 

the  selected  images  for  the  US-database  are  indicated  by  a  letter 'd',  the  selection  of  the  final 
database,  according  the  stringent  selection  criteria  given  in  Appendix  A,  by  a  letter  V  and  the 
processed  images  by  a  letter  'p'.  In  the  final  database  all  the  image  files  coded  either  with  a  V 
and/or  a  'p'  are  included  .  All  the  image  files  with  a 'd'  also  are  coded  with  an  V  and  therefore 
are  included  in  the  final  database. 


A  survey  of  all  the  recorded  image  files  has  been  given  already  in  the  bar  diagram  of  fig.4.1;  the 
numbers  refer  to  the  chronological  sessions,  two  or  three  each  day  (in  the  best  two  schedules  for 
the  session  numbers  the  corresponding  type  of  scenario  can  be  read  then).  For  a  description  of  the 
scenarios  is  refened  to  Appendix  A  and  to  the  Best  Two  test  plan  [2].  For  a  detailed  description  of 
the  position  of  moving  vehicles  in  scenarios  one  and  two  see  Valeton  cs.  [4]. 

4.4  Image  Quality 

It  must  be  realized  that  only  'still'  pictures  have  been  recorded  and  the  photogr^hs  therefore  also 
represent  only  one  frame  of  video  information. 

4.4. 1  Dust  and  Smoke 

Most  of  the  pictures  have  been  taken  in  the  direction  of  the  contrast  targets  during  passing  of  the 
vehicles;  therefore,  the  most  frequently  occurring  obscurant  in  the  pictures  will  be  dust. 

Immediately  after  sand  bag  explosions  scenes  behind  dust  clouds  are  not  visible,  nor  can  be  made 
perceivable  by  image  processing.  Within  10  to  20  seconds  after  the  explosion  the  transmission 
was  often  already  considerably  better;  scenes  behind  clouds  then  become  visible  and  more 
information  can  be  made  perceivable  by  processing. 

The  transmission  of  smoke,  caused  by  fires,  generally  is  better  than  that  of  sand  clouds.  These 
pictures  often  benefited  more  from  image  processing. 

The  transmission  of  dust  clouds  due  to  moving  vehicles  depends  on  many  parameters,  e.g.  the 
number  of  vehicles,  its  speed  and  its  mutual  distance  ,  the  wind  s{>eed  and  its  direction, 
atmospheric  and  terrain  conditions  as  well.  Also,  under  these  various  conditions  the  transmission 
changed  often  considerably  within  10  to  20  seconds.  Pictures  with  dust  raised  by  a  column  of 
moving  vehicles  benefited  most  from  the  image  processing. 

4.4.2  Comparison  of  cameras 

Within  a  period  of  10  to  20  seconds  only  one  camera-image  could  be  recorded;  at  daylight  the  8- 
bit  and  12-bit  cameras  have  been  used  alternately  most  of  the  time.  Therefore,  a  reliable 
comparison  of  8-  and  12-bit  performance  is  not  possible  due  to  the  fast  changing  transmission 
characteristics  of  smoke  and  dust  within  the  occurring  time  delay. 

Other  drawbacks  for  a  reliable  comparison  of  8-bit  and  12-bit  daylight  camera  performance  are 
their  slightly  different  FOVs  and  the  better  spatial  resolution  of  the  8-bit  camera. 
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The  perception  of  a  monitor  displayed  original  picture,  taken  with  this  camera,  is  often  better  than 
the  picture  taken  (at  about  the  same  time)  with  the  12-bit  camera.  The  spatial  resolution  of  the  8- 
bit  camera  is  better  than  that  of  the  12-bit  camera.  The  monitor  display  shows,  of  any  image,  only 
the  8  most  significant  bits . 

Both  aspects  benefit  the  perception  of  the  8-bit  pictures  before  processing.  Nevertheless  after 
processing  the  12-bit  pictures  look  sharper,  which  is  due  to  the  low  contrasts  that  can  be  recorded 
by  the  12-bit  camera. 

Apart  from  the  large  intrascene  dynamic  range  of  the  12-bit  camera,  also  long  exposure  times  can 
be  applied,  which  allows  to  take  pictures  at  low  light  levels. 

4.4.3  Low  quality  pictures 
a  12-bit  daylight  CCD-camera. 

Sometimes,  at  the  beginning  of  some  morning  sessions,  water  condense  was  on  the  sensor;  it 
has  been  shown  afterwards  that  this  condensation  was  due  to  the  ^>plied  high  cooling  rate; 
with  a  moderate  rate  condensation  can  be  prevented.  Most  of  these  pictures  have  been  erased 
from  the  list  of  qualified  pictures, 
b  8-bit  image  intensified  CCD-camera. 

All  pictures  taken  at  night  are  severely  blurred  and  often  fuUy  bloomed  by  the  presence  of 
light  sources  in  the  field.  Especially,  the  1  Hz  flashlight  in  use  as  aircraft  beacon  during  the 
night  trials,  caused  a  catastrophic  blooming  effect,  also  when  the  source  was  not  within  the 
field  of  view  of  the  camera. 

Pictures  taken  by  day  with  the  LLL  camera  show  a  poor  quality  with  respect  to  the  pictures 
taken  with  the  daylight  cameras.  All  these  pictures  have  been  taken  with  an  automatic  gain 
control  of  the  image  intensifier  and  of  the  CCD-sensor.  It  has  been  shown  afterwards  that  an 
appreciably  better  quality  can  be  achieved  by  using  a  minimum  Image  Intensifier  gain,  if  a 
sufficient  large  entrance  aperture  and/or  gating  time  can  be  applied.  Most  of  these  bloomed 
pictures  have  been  omitted  from  the  list  of  qualified  images. 

4.4.4  The  Image  Quality  code 

To  all  the  processed  pictures  a  two  digit  image  quality  (IQ)  code  has  been  assigned.  The  first 
digit  gives  an  indication  of  the  'photogr^hic'  quality  before  processing  and  the  second  digit  gives 
the  class  of  image  improvement  due  to  the  applied  dedicated  image  processing.  The  digit  for  the 
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'photogn^hic'  image  quality  before  processing  runs  from  'O'  for  a  completely  unsuccessful  image 
up  to  a  '9'  for  a  high  quality  picture,  free  from  any  blurring. 

The  digit  for  the  effect  of  image  processing  runs  from  'O'  for  no  effect  at  all,  up  to  '3'  for  making  a 
perceivable  and  remarkable  in^novement,  presenting  more  infonnation  due  to  the  processing. 

The  IQ-code  number  has  been  determined  by  an  arrangement  of  two  or  three  (untrained) 
observers. 

An  extensive  description  of  both  digits  in  this  IQ-code  number  is  given  in  Appendix  B,  paragraph 
B.3. 

An  indication  of  the  'photogrqrhic'  quality  after  processing  can  be  found  by  summing  the  two 
digits  in  the  IQ-code.  It  is  just  an  indication,  because  some  aspects  are  difficult  to  compare  and 
therefore  the  same  'photographic'  quality  before  and  after  processing  will  never  be  observed.  The 
sharpness,  eg  in  the  processed  pictures  due  to  processing,  never  occurs  in  the  unprocessed 
pictures,  as  will  be  shown  in  the  exaiiq)les  to  be  given  in  chapter  6. 

Statistical  results  of  the  effect  of  image  processing  will  be  given  in  the  next  chapter,  but  will  not 
be  valid  as  a  result  for  a  random  selection  of  images.  Mainly  the  images  with  a  picture  interest 
code  number  of  7,  8  and  9  have  been  processed.  Therefore,  the  corresponding  'photographic' 
quality  before  processing  of  this  selection  is  not  valid  for  a  sample  taken  at  random.  The 
connection  between  the  picture  interest  (2nd  digit  in  the  PlN-code)  and  the  image  quality  before 
processing  (1st  digit  in  IQ-code)  of  the  processed  images  is  given  by  the  3-D  graphs  in  the  figs 
4.8  and  4.9  for  respectively  the  8-bit  and  the  12-bit  images.  In  these  graphs  the  image  quality  is 
given  along  the  horizontal  axis,  the  picture  interest  on  the  slant  axis  and  the  corresponding 
number  of  pictures  in  the  vertical  direction. 

For  the  8-bit  pictures  the  maximum  number  occurs  for  an  image  quality  coded  with  6  for  the 
considered  PIN-code  numbers  7  to  9.  For  a  PIN-code  =  7  no  pictures  with  an  image  quality  code  9 
occur,  for  a  PIN-code  =  8  no  pictures  with  an  image  quality  code  8  and  9  occur  and  for  a  PIN- 
code  =  9  no  pictures  with  an  image  quality  code  7,  8  or  9  occur. 

For  the  12-bit  pictures  the  maximum  number  occurs  for  an  image  quality  coded  with  6  for  the 
considered  PIN-code  numbers  7  and  8  and  image  quality  5  for  the  PIN-code  =  9.  For  a  PIN-code 
equal  to  7  and  8  no  pictures  with  an  image  quality  code  9  occur  and  for  a  PIN-code  equal  to  9  no 
pictures  vdth  an  image  quality  code  7,8  or  9  occur.  In  general,  the  more  interesting  a  picture  is, 
the  lower  the  image  quality. 
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5  PROCESSING  RESULTS 

S.l  Ptocessing  parameters 

The  processing  is  based  on  dynamic  range  transformation  and  an  adaptive  local  contrast 
enhancement  [1].  The  range  transformation  is  a  global  processing  technique,  using  global 
statistics  (histogram  distribution  of  recorded  grey  level  values)  and  the  ad^tive  contrast 
enhancement  is  a  local  processing  technique,  using  only  local  statistics.  The  contrast  enhancement 
then  is  independent  of  the  luminance  range  and  can  be  carried  out  in  the  same  way  in  any  part  of 
the  image. 

DYNAMIC  RANGE  TRANSFORMATION. 

The  main  parameters  for  the  global  processing  are  the  used  input  range  and  the  output  range; 

Xi «  Xmax-Xmin  -  the  input  range. 


Xmas  =  maximum  grey  level  value  in  the  original  picture,  used  for  the  range  transformation. 

Xmin  =  minimum  grey  level  value  of  the  original  picture,  used  for  the  range  transformation. 

The  absolute  maximum  value  that  can  occur  is  4095  for  a  12-bit  picture  and  255  for  a  8-bit 
picture. 

Often  a  lower  value  than  the  maximum  occurring  value,  and  a  higher  value  than  the  minimum 
occurring  value  in  the  original  picture  is  used  for  the  input  range.  For  an  autonomous  image 
processing  a  percentage  of  the  total  number  of  pixels  can  be  chosen  at  either  side  in  the  histogram 
distribution.  These  values  are  kept  then  outside  the  input  range  for  the  processing.  For  all  the 
pictures  considered  in  this  report,  the  input  range  is  chosen  by  the  operator  for  each  picture 
separately.  For  this  purpose,  by  means  of  the  histogram  distribution,  a  selectable  range  of  high 
and  of  low  pixel  values  can  get  assigned  a  typical  colour  in  the  black  and  white  presentation  of 
the  picture  on  the  monitor.  High  and  low  pixel  values  occurring  only  in  irrelevant  parts  of  the 
scene  (eg  white  spots  in  the  sky  or  black  spots  in  the  foreground)  can  be  excluded  then  firom  the 
input  range.  Examples  will  be  given  in  paragraph  S.S.S. 


Yo  =  Ymax-Ymin  =  the  output  range. 
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Ymax  =  maximum  grey  level  value,  that  is  used  in  the  range  transformation  for  the  output  range. 
Ymin  =  minimum  grey  level  value,  that  is  used  in  the  range  transformation  for  the  output  range. 
The  maximum  ou^ut  range  runs  from  0  to  255,  to  generate  a  normalized  monitor  input. 

In  most  cases  the  output  range,  chosen  for  the  range  transformation,  runs  from  10  to  240.  The 
small  range  beyond  the  black  level  and  below  the  white  level  also  allows  a  local  contrast 
enhancement  in  these  extreme  luminance  regions. 

The  dynamic  range  matching  is  carried  out  in  the  logarithmic  domain  according  the  following 
function: 

y  =  kxr 

X  =  the  input  grey  level  and  y  =  the  output  grey  level  value. 

In  the  logarithmic  domain  then  is: 

dy/y  =  ydx/x  or  Cy  =  yQ 

with  is  the  input  and  Cy  is  the  output  contrast. 

So  the  output  contrast  is  multiplied  by  y,  and  the  variation  of  the  contrast  due  to  this  range 
transformation  is  independent  of  the  local  brightness;  thus  contrasts  in  bright  and  dark  regions  are 
treated  in  the  same  way.  Dqwnding  on  the  value  of  y  used,  we  have  dynamic  range  expansion  ( 
Y>1,  always  for  8-bit-  pictures)  or  compression  (Y<1,  often  in  case  of  12-bit  images).  A  loss  of 
contrast  by  dynamic  range  compression  will  be  compensated  by  the  measure  of  local  contrast 
enhancement.  In  the  used  algorithm  both  the  range  transformation  and  the  contrast  enhancement 
are  performed  as  a  combined  operation  in  the  logarithmic  domain.  For  the  mathematics,  see  de 
Vries  [1]. 

The  parameters  k  and  y  are  not  optional  to  the  operator,  but  automatically  derived  from  the  given 
input  and  output  range. 

LOCAL  CONTRAST  ENHANCEMENT 

The  main  parameters  for  the  local  contrast  enhancement  are  the  contrast  multiplier  and  the  control 
parameters  for  suppression  possible  artefacts: 


Gc  =  contrast  multiplier 


7NO  report 


Page 

35 


The  local  difference  in  the  logarithmic  domain  z  is  equal  to  the  contrast  in  the  input  domain  x  (for 
small  values  of  the  contrast).  So,  by  deriving  from  the  z-signal  the  local  difference  signal,  we  can 
operate  on  the  contrast  of  the  input  image  x,  sinqtly  by  multiplying  this  local  difrerence  signal  by 
Gc.  The  contrast  enhancement  then  is  independent  of  the  local  brightness. 

The  local  difference  is  determined  by  using  a  moving  average  filter  for  a  window  size  of  3x3 
pixels. 

Ld(z)  =  z-Ln(z) 

with  =  local  difference  and  Lgg  =  local  mean 

The  size  of  the  window  can  be  chosen  by  the  operator,  but  for  most  cases  the  3x3  size  is  the  best 
choice.  The  3x3  filter  size  is  used  for  all  the  processed  pictures,  dealt  with  in  this  report. 

Vn(%)  -  percentage  determining  the  threshold  for  the  adaptivity 

Vn  =  processor  constant  determining  the  adaptivity  parameter. 

Vn  is  the  threshold  value  in  the  histogram  distribution  of  the  local  variance.  The  contrast 
multiplier  for  pixels  with  a  local  variance  beyond  this  value  will  gradually  decrease  to  unity.  The 
adaptivity  parameter  is  a  function  of  the  relevant  local  variance  and  the  threshold  Vn. 

Vn(%)  is  the  percentage  of  the  total  number  of  pixels  with  its  values  for  the  local  variance  beyond 
the  threshold.  This  percentage  is  optional  to  the  operator  and  then  determines  the  threshold,  but 
the  threshold  itself  also  is  an  option. 

For  the  mathematics,  see  de  Vries  [1]. 

LISTING  OF  PROCESSING  PARAMETERS. 

For  all  the  processed  pictures,  the  used  parameters  Xmax,  Xmin,  Ymax,  Ymin,  Vn,  Vn(%)  and 
Gc  are  given  in  the  'Listing  of  processed  images  and  processing  parameters'  of  Appendix  D. 

The  filenames  of  the  images  before  processing,  given  in  this  listing,  are  the  same  as  given  in 
Appendix  C.  The  filenames  for  the  corresponding  processed  images  have  the  same  filename, 
except  for  the  extension,  which  is  formed  by  a  P  and  a  following  number.  The  type  of  processed 
image  always  is  a  8-bit  image;  the  original  type  can  no  longer  be  inferred  from  the  extension. 


TNO  report 


Page 

36 


The  listing  finally  contains  some  comments  and  whether  a  copy  on  papa,  made  with  a 
videoprinter,  is  available.  The  availability  is  indicated  by  the  date  of  the  print. 

5.2  Processing  statistics 

5.2.1  Selection 

All  the  images  with  a  picture  interest  code  value  of  7,  8  or  9  have  been  processed.  Some  images 
with  a  PIN-code  lower  than  7  have  been  processed  in  order  to  complete  a  succeeding  sequence  of 
interesting  images,  as  is  already  described  in  paragr^h  4.2  on  the  Picture  INterest  code.  A  survey 
of  all  the  processed  pictures  already  has  been  given  in  fig.4.7.  The  processed  pictures  are  coded 
with  a  'p'  in  the  listing  of  recordings  in  Appendix  C. 

5.2.2  Parameter  statistics 

Most  of  the  images  have  been  well  exposed  and,  therefore,  their  maximum  grey  level  value  Xmax 
in  most  cases  will  be  255  for  the  8-bit  and  4095  for  the  12-bit  images.  The  maximum  grey  level 
range  in  the  input  image  then  will  be  determined  by  the  minimum  grey  level  value  Xmin.  The 
mean  value  of  the  used  Xmin  in  processing  the  pictures  is  given  for  each  of  the  scenarios 
separately  in  fig.  5.1.  The  light  bars  represent  the  8-bit  pictures  and  the  dark  bars  the  12-bit 
pictures.  There  is  an  obvious  increase  in  background  luminance  from  scenario  1  to  scenario  3. 
The  background  luminance  arises  fi’om  light  scattering  at  dust  and  /  or  smoke  particles.  The 
increase  is  a  result  of  an  increasing  number  of  dust  particles  in  the  atmosphere  due  to  an 
increasing  number  of  vehicles  and  /  or  increasing  speed  of  these  vehicles. 

The  increase  of  minimum  grey  level  in  the  12-bit  pictures  for  the  various  scenarios  4  is  not  really 
significant  because  of  the  small  number  of  processed  pictures  (  see  fig.4.7).  The  decrease  of  the 
mean  value  of  Xmin  in  scenario  3B  for  the  12-bit  images  is  due  to  a  large  number  of  12-bit 
pictures  in  the  corresponding  session,  taken  with  condense  on  the  sensor.  This  resulted  in 
considerably  darker  pictures. 

A  survey  of  the  used  grey  level  ranges  Xi  with  corresponding  Xmin  in  the  input  images  is  given 
in  the  scatter  diagrams  of  fig.  5.2  and  fig.5.3  for  resprectively  the  processed  8-bit  daylight  images 
and  the  processed  12-bit  images. 

The  higher  the  value  of  the  minimum  grey  level  Xmin,  the  smaUer  relevant  range  for  the  range 
mapping  will  result.  For  the  pictures  exposed  up  to  and  with  the  saturation  level  of  the  sensor,  the 
maximum  input  range  for  the  8-bit  images  is: 

Xi  =  255-Xmin, 
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and  for  the  12-bit  images  is: 

Xi  =  4095-Xmin. 

which  represents  the  straight  lines  along  the  diagonals  in  the  figs.  S.2  and  5.3. 

The  Xi  ranges  below  these  lines  can  arise  because  of  underexposed  pictures  (e.g.  12-bit  pictures 
at  low  light  levels  during  early  night  sessions).  It  may  also  be  a  result  of  excluding  regions  with 
high  luminance  levels. 

The  most  important  parameter  for  the  local  contrast  enhancement  is  the  contrast  multiplier  Gc. 
The  range  mapping  results  itself  also  in  a  contrast  expansion  (8-bit)  or  compression  (in  most  cases 
for  12-bit),  which  is  expected  to  be  inverse  proportional  to  the  quotient  of  the  used  input  range  Xi 
and  output  range  Yo.  The  total  contrast  enhancement  will  be  subjected  to  a  maximum  due  to  a 
limited  signal  to  noise  ratio.  The  maximum  contrast  multiplier  Gc  in  the  local  contrast 
enhancement  then  will  be  dependent  on  the  used  input  range.  This  dependence  is  also  expected  to 
be  inverse  proportional  to  the  mentioned  quotient. 


Minimum  grey  level  per  scenario 
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Figure  5.1 :  Mean  value  of  used  lowest  grey  level  Xmin  in  the  processing  of  8-bit  daylight  Oight  bars) 

and  12-bit  pictures  (dark  bars)  for  each  scenario. 
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A  survey  of  the  used  values  for  the  contrast  multiplier  Gc  is  given  in  the  scatter  diagrams  of 
fig.5.4  and  fig.5.5  for  respectively  the  processed  8-bit  daylight  and  the  processed  12-bit  pictures. 
The  values  of  Gc  are  given  with  the  corresponding  values  of  the  used  input  ranges  Xi.  For  the  12- 
bit  images  a  slight  correlation  between  Gc  and  Xi  is  perceivable,  but  is  not  really  significant.  For 
the  8-bit  images  any  correlation  is  absent.  The  slight  increase  of  the  contrast  multiplier  Gc  with 
increasing  input  range  for  the  12-bit  pictures  might  be  due  to  the  increasing  range  compression. 

A  survey  of  the  mean  value  of  the  used  contrast  multiplier  Gc  is  given  for  each  scenario 
separately  in  the  bar  diagram  of  fig.  5.6  for  both  the  processed  8-bit  daylight  (light  bars)  and  the 
processed  12-bit  pictures  (dark  bars).  There  is  an  obvious  dependence  on  the  type  of  scenario.  The 
mean  values  of  the  contrast  multiplier  are  higher  for  the  12-bit  picnires  than  for  the  8-bit  pictures, 
which  is  valid  for  aU  the  scenarios  (the  number  of  processed  images  of  scenario  4,  is  too  small  for 
relevant  conclusions;  see  fig.4.7). 


Gc  versus  X-range  for  8  bit  images 


Figure  5.4;  The  used  values  for  the  contrast  multiplier  Gc  with  corresponding  input  grey  level  ranges  in 
processing  the  8-bit  daylight  images. 
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Figure  5.5:  The  used  values  for  the  contrast  multiplier  Gc  with  corresponding  input  grey  level  ranges  in 
processing  the  12  bit  images. 
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Figure  5.6:  The  mean  value  of  the  used  contrast  multiplier  Gc  for  each  scenario;  the  light  bars  represent 
the  f  ocessed  8-bit  daylight  pictures  and  the  dark  bars  the  processed  12-bit  pictures. 
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5.2.3  Effect  of  processing 

The  effect  of  processin,?  has  been  classified  according  the  following  4  categories: 

0  =  no  relevant  effect  of  processing. 

1  :=  processing  results  in  a  more  clear  and  sharp  picture,  but  no  more  obvious  and  relevant 

information  becomes  perceivable. 

2  =  some  new  information  becomes  perceivable  together  with  a  clear  and  sharp  presentation. 

3  =  remarkable  new  information  has  become  perceivable  by  processing. 

These  categories  are  given  by  the  second  digit  in  the  IQ-code  number,  which  is  more  extensively 
described  in  Appendix  B. 

The  distribution  of  the  'effect  of  processing*  result,  according  this  classification,  is  given  in  figure 
S.7  as  a  percentage  of  the  total  number  of  processed  pictures  (per  camera).  The  light  bars  give  the 
effect  for  the  8-bit  daylight  images  and  the  dark  bars  for  the  12-bit  images.  For  both  the  image 
types  the  maximum  occurs  for  class  1  of  the  'effect  of  processing',  but  for  the  12-bit  images  the 
'distribution  curve'  is  clearly  shifted  to  a  higher  value  compared  to  the  distribution  for  the  8-bit 
images. 

The  mean  value  of  the  'effect  of  processing'  class  number  is  given  in  figure  5.8  for  each  of  the 
scenarios  separately;  the  light  bars  give  the  mean  effect  for  the  8-bit  daylight  images  and  the  dark 
bars  for  the  12-bit  images.  For  all  the  scenarios  the  mean  effect  of  processing  for  the  12-bit 
images  is  higher  than  for  the  8-bit  images.  For  the  12-bit  images  the  mean  effect  is  highest  in 
scenario  3A  and  for  the  8-bit  images  in  scenario  3B. 

In  both  scenarios  the  main  obscurant  is  dust,  raised  by  a  column  of  driving  vehicles;  in  scenario 
3B  smoke  is  added  by  fires  near  the  path  of  the  vehicles.  In  general,  it  may  be  expected  that  the 
effect  of  image  processing  is  most  spectacular  for  the  scenario  3B  conditions,  also  (and  may  be 
especially)  for  the  12-bit  pictures.  The  lower  effect  compared  to  scenario  3A  for  the  12-bit 
pictures  in  our  case  is  due  to  a  large  number  of  low  quality  pictures,  and  this  not  because  of  the 
obscurant,  but  due  to  a  condensed  sensor  (see  also  paragraph  4.4.3).  Image  processing  then 
enhances  the  condensed  spots. 

More  than  60%  of  the  total  database  has  been  processed;  nevertheless  the  processing  results  might 
not  be  fully  significant  for  the  complete  database.  The  most  interesting  pictures  have  been 
processed,  which  often  correspond  with  a  less  good  image  quality  before  processing  (see  also  the 
figures  4.8.  and  4.9).  The  mean  value  of  the  image  quality  before  processing  (1st  digit  in  IQ-code 
number)  is  given  in  figure  5.9  for  each  of  the  scenarios  separately;  the  light  bars  represent  the  8- 
bit  daylight  and  the  dark  bars  the  12-bit  pictiues.  Now  the  12-bit  pictures  have  a  lower  quality 
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conqjared  to  the  8-bit  pictures  for  nearly  all  the  scenarios.  On  the  monitor  (and  in  the  pictures) 
only  the  8  most  significant  bits  of  12-bit  pictures  can  be  displayed.  The  better  spatial  resolution  of 
the  8-bit  camera  then  becomes  a  significant  property  for  the  image  quality  (before  processing); 
see  also  paragraph  4.4.2. 

The  results  for  scenario  4  are  not  vety  significant  because  of  the  small  number  of  processed 
images  (see  figure  4.7). 

The  smaller  the  contrasts  (after  the  range  transformation),  the  larger  the  iq)plied  (optimum) 
contrast  multiplier  Gc  and  the  larger  the  effect  of  processing  possibly  might  be. 

A  correlation  then  might  exist  between  the  effect  of  processing  and  the  tq^phed  contrast 
multiplier.  A  distribution  of  the  applied  (optimum)  contrast  multipliers  is  given  in  the  figures  5.10 
and  5.1 1  for  respectively  the  8-bit  daylight  and  the  12-bit  pictures.  The  contribution  of  each  of  the 
4  classes  of  'effect  of  processing'  is  given  separately  as  a  percentage  of  the  total  number  of 
processed  images.  The  separate  percentages  of  the  4  classes  are  stacked  at  each  value  of  the 
contrast  multiplier  Gc.  The  most  applied  value  for  the  contrast  multiplier  Gc  is  5  for  the  8-bit  and 
8  for  the  12-bit  images. 

A  distribution  of  the  applied  (optimum)  contrast  multipliers  for  each  of  the  4  classes  of  'effect  of 
processing'  separately,  is  given  in  the  curves  of  the  figures  5.12  and  5.13  for  respectively  the  8-bit 
daylight  and  the  12-bit  pictures.  Also  here  for  each  of  the  values  of  Gc  the  percentage  of  the  total 
number  of  processed  images  is  given  for  each  of  the  'effect  of  processing'  classes.  For  the  8-bit 
images  the  maximum  number  for  class  1  (picture  sharpening)  occurs  at  a  value  5  and  for  class  2  at 
a  value  8  of  the  contrast  multiplier.  For  the  12-bit  images  the  maximum  number  for  class  1 
(picture  sharpening)  occurs  at  a  value  around  7  and  for  class  2  at  a  value  10  of  the  contrast 
multiplier.  Class  3  'effect  of  processing'  hardly  occurs  for  8-bit  images;  for  the  12-bit  images  the 
maximum  number  of  class  3  occurs  at  a  value  10  of  Gc  (same  as  class  2). 


Avg.  effect  of  proc.  (2nd  digit  of  IQ)  2)  perc.  proc.  8/12-bit  images 
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Distribution  image  processing  result 


BSa  8  bit  H  12  bit 


jure  5.7:  Effect  of  processing  8-bit  daylight  (light  bars)  and  12-bit  images  (dark  bars);  result  in 

percenuge  of  the  total  numb^  of  8  /  12-bit  processed  images  for  each  of  the  4  IQ-codes  for 
'effect  of  processing'. 


Image  enhancement  by  processing 


Figure  5.8;  Effect  of  processing  8-bit  daylight  (light  bars)  and  12-bit  images  (dark  bars)  for  each 

scenario;  the  processing  result  is  given  as  the  mean  value  of  the  4  IQ-codes  for  'effect  of 
processing'. 


Avg.  quality  (1st  digit  of  IQ) 
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Figure  5.9:  TTie  mean  value  of  the  IQ-codes  for  'image  quality  before  processing’  for  each  scenario;  the 
light  bars  for  the  process^  8-bit  daylight  and  the  dark  bars  for  the  processed  12-bit  images. 
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8  bit  processed  images 


Gc 
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Figure  S.  10;  Effect  of  processing  8-bit  daylight  images  f(»r  each  of  the  used  values  of  the  contrast 

multiplier  Gc;  a  percentage  of  the  total  number  of  8-bit  processed  images  is  given  for  each 
of  the  4  IQ-codes  for  'effect  of  processing'  and  stacked  at  each  of  the  multipliers. 


12  bit  processed  images 
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Figure  5.11:  Effect  of  processing  12-bit  images  for  each  of  the  used  values  of  the  contrast  multiplier  Gc; 

a  percentage  of  the  total  number  of  12-bit  processed  images  is  given  for  each  of  the  4  IQ- 
codes  for  'effect  of  processing'  and  stacked  at  each  of  the  multipliers. 


.  12-bit  proc.  images  3  perc.  8-bit  proc.  images 
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8  bit  processed  images 
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guie  S.  12:  Effect  of  processing  8-bit  dayli^t  images  for  each  of  the  used  values  of  the  contrast 

multiplier  Gc;  a  percentage  of  me  total  number  of  8-bit  processed  images  is  given  fex  each 
of  the  4  IQ-codes  for  'effect  of  processing'  separately. 


12  bit  processed  images 
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Figure  5.13:  Effect  of  processing  12-bit  images  for  each  of  the  used  values  of  the  contrast  multiplier  Gc; 

a  percentage  of  the  total  number  of  12-bit  processed  images  is  given  for  each  of  the  4  IQ- 
codes  for  'effect  of  processing'  separately. 
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6  EXAMPLES  OF  PROCESSING  RESULTS 

6.1  Scenario  1 

Detection  and  recognition  of  a  single  static  vehicle,  without  further  battle  field  effects. 

In  noost  pictures  taken  during  these  sessions  the  information  is  already  quite  clearly  presented, 
because  of  the  good  weather  conditions  at  Mourmelon  and  the  absence  of  battle  field  effects. 
Image  processing  results  mainly  in  a  sharper  picture  and  thus  in  a  more  obvious  presentation,  but 
hardly  ever  new  information  becomes  perceivable.  A  good  example  of  picture  sharpening  and  a 
comfortable  presentation  is  given  by  the  8-bit  picture  in  figure  6.1. 

Some  relevant  conditions  and  parameters  for  this  picture  are: 

Figure  6. 1 :  file:  M0208A29.IM8  /  8-bit  without  isotopic  filter, 

date:  2-8-1990  /  local  time:  10:12:04, 
session:  2.1  /  scenario:  IR, 
site  block:  23/24,  fig.3.4A 
PIN-<odc=  7  /  IQ-codex81 , 

processing  input  range:  16-164  /  contrast  multiplier  Gc=5. 
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6.2  Scenario  2 


Detection  and  recognition  of  a  single  moving  vehicle  with  battlefield  effects. 


In  scenario  2A  only  vehicle  raised  dust  is  present  and  most  dominant  behind  die  vehicle.  Most  of 
the  other  parts  of  the  scene  will  only  be  slightly  blurred  by  dust,  because  of  the  low  speed  of  the 
vehicle.  This  overall  slightly  blurring  can  be  'removed'  by  image  processing  in  most  cases.  An 
example  is  given  in  fig.6.2  by  a  12-bit  picture  taken  without  spectral  filters. 


Figure  6.2:  File:  M3107P41.IM1  /  12-bit  without  photopic  filter, 
date:  31-7-1990 /local time:  16:03:25, 
session:  31.3  /  scenario:  2ALF, 
site  block:  22,  fig.3.4A , 

PIN-code=  7  /  IQ-code=61, 

processing  input  range:  1500-4095  /  contrast  multiplier  Gc=8. 


Apart  fix>m  the  dust  cloud  behind  the  tank  the  information  throughout  the  scene  is  clearly 
presented  after  the  processing. 

Another  example  of  a  12-bit  picture  is  given  in  figure  6.3,  taken  1.5  minute  after  the  picture  in 
fig.6.2,  but  from  another  part  of  the  site.  The  'dusty'  conditions  are  about  the  same,  yet  some  new 
information  becomes  perceivable  after  processing. 


Figure  6.3:  File:  M3107P45.IM1  /  12-bit  without  photopic  filter, 
date:  3 1-7- 1990 /local  time:  16:05:05, 
session:  31.3  /  scenario:  2ALF, 
site  block:  42,  fig.3.4B, 

PIN-code=s  7  /  I^ode=61/62, 

processing  input  range:  1300-4095  /  contrast  multiplier  Gc=7. 


In  scenario  2B  also  smoke  generated  by  fire  can  be  present  beside  the  vehicle  raised  dust.  The 
representation  of  the  smoke  clouds  is  darker  than  that  of  the  dust  clouds,  especially  after 
processing.  Most  of  the  blurring  due  to  the  smoke  can  be  removed  by  processing.  The  contours 
and  the  origin  of  the  smoke  cloud  become  clearly  discernible  after  processing.  An  exaiiq)le  is 
given  in  fig.  6.4  by  a  12-bit  picture  taken  with  a  photopic  filter  (dust  is  hardly  present  in  this 
example). 


Figure  6.4:  File:  M0108P07.IM1  /  12-bit  with  photopic  filter, 
date:  1-8-1990 /local  time:  14:25:02, 
session:  1.3  /  scenario:  2BLF, 
site  block:  34,  fig.3.4A, 

PIN-code*  8  /  IQ-code-62, 

processing  input  range:  600-2100  /  contrast  multiplier  Gc=7. 
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In  scenario  2C  also  dust  clouds  due  to  sand  bag  e]q)losions  are  present. 

Examples  are  given  in  fig.6.S  by  an  8-bit  picture  taken  immediately  after  the  explosion  of  two 
sand  bags  between  the  camera  and  the  contrast  boards;  in  fig.6.6  by  a  12-bit  picture,  taken  24 
seconds  lata:  and  in  fig.6.7  by  an  8-bit  picture  taken  another  12  seconds  later.  All  three  pictures 
are  taken  with  a  photopic  filter. 


Figure  6.5:  File:  M3107A17.IM8  /  8-bit  with  photopic  filter, 
date:  31-7-1990/ local  time:  10:22:40, 
session:  31.2  /  scenario:  2CLS, 
site  block:  42,  fig.3.4B, 

PIN-code=  6  /  IQ-code=40, 

processing  input  range:  20-240  /  contrast  multiplier  Gc=10. 


Figure  6.6:  File:  M3107A18.IM1  /  12-bit  with  frftotopic  filter, 
date:  31-7-1990  /  local  time:  10:23:04, 
session;  31.2  /  scenario;  2CLS, 
site  block:  42,  fig.3.4B, 

PIN-codc=  8  /  IQ-codesSl, 

processing  input  range:  1800-3630  /  contrast  multiplier  Gc-lO. 


Figure  6.7;  File:  M3107A19.IM8  /  8-bit  with  photopic  filter, 
date:  31-7-1990 /local  time:  10:23:16, 
session:  31.2  /  scenario;  2CLS, 
site  block  42,  fig.3.4B, 

PIN-code=  8  /  IQ-code=62, 

processing  input  range:  80-215  /  ccxitrast  multiplier  Gc=12. 


In  fig.6.S  no  information  from  scenes  behind  the  dust  cloud  becomes  perceivable  after  processing, 
while  (after  36  seconds)  in  fig.6.7  many  details  become  perceivable  and  after  processing  also  a 
better  contouring  of  the  dust  cloud  can  be  observed.  Processing  the  12-bit  picture  in  fig.6.6  (24 
seconds  after  explosion)  also  gives  a  better  contouring  of  the  dust  cloud  and  the  blurring  due  to 
the  extension  of  the  original  cloud  is  removed.  Relevant  new  information  does  not  yet  become 
available  after  processing.  This  sequence  of  pictures  illustrates  the  rate  of  transmission  change 
after  a  sand  bag  explosion. 
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Figiire  6.4:  12  bit  picture  with  vehicle  raised  dust  and  smoke  /  scenario  2BLF. 

Top  before  processing,  bottom  after  processing. 
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6.3  Scenario  3 


DetectionAecognition  of  vehicles  driving  in  column,  with  and  without  battle  field  effects. 


In  scenario  3A  only  vehicle  raised  dust  is  present.  Large  parts  of  the  scene  are  often  blurred  by  a 
moderate  thick  layer  of  dust  because  of  the  relative  high  speed  (20  km/hr)  and  the  small  distance 
between  the  vehicles.  This  resulted  in  a  larger  offset  or  hi^er  minimum  grey  level  than  in  most 
of  the  other  scenarios  (see  e.g.  fig.S.l).  Often  most  of  the  blurring  can  be  removed  by  image 
processing  and  many  details  become  perceivable  then.  The  transmission  of  the  dust  clouds  is 
dependent  on  a  large  number  of  conditions  in  a  column  of  driving  vehicles  and  this  transmission 
can  change  fast.  During  a  large  part  of  session  7.3  the  (often  complete)  obscurance  of  the  scene 
was  such,  that  the  difference  in  performance  of  the  8-bit  and  the  12-bit  camera  became  quite 
significant.  The  8-bit  pictures  remained  con^letely  obscured  even  after  processing,  while  the  12- 
bit  pictures  showed  a  lot  of  information,  especially  after  processing.  Examples  are  given  in  figure 
6.8  for  the  8-bit  izmges  and  in  figures  6.9  and  6.10  for  the  12-bit  images.  The  12-bit  picture  in 
fig.6.9  is  taken  only  nine  seconds  after  the  8-bit  picture  in  fig.6.8.  In  figure  6.9  the  perception 
before  processing  is  somewhat  better  than  for  the  8-bit  image  in  figure  6.8,  but  for  the  12-bit 
image  in  figure  6.10  the  perception  before  processing  is  about  the  same  as  for  this  8-bit  picture. 
However  the  effect  of  processing  is  quite  different. 


Figure  6.8;  File:  M0708P44.IM8  /  8-bit  with  [rfiotopic  filter 
date:  7-8-1990 /local  tune:  14:36:52, 
session;  7.3  /  scenario:  3A, 
site  block  42,  fig.3.4B. 

PIN-code=  6  /  IQ^ode=40, 

processing  input  range:  40-165  /  contrast  multiplier  Gc=12. 


Figure  6.9;  File:  M0708P45.IM1  /  12-bit  with  photopic  filter, 
date:  7-8-1990  /  local  time:  14:37:01, 
session:  7.3  /  scenario;  3A, 
site  block;  42,  fig.3.4B, 

PIN-cod(^  8  /  IQ-code=53, 

processing  input  range:  1700-3900  /  contrast  multiplier  Gc=10. 


Figure  6.10;  File:  M0708P20.IM1  /  12-bit  with  photopic  filter, 
date:  7-8-1990  /  local  time:  14:37:01, 
session:  7.3  /  scenario:  3A, 
site  block;  42,  fig.3.4B, 

PIN-code*  9  /  IQ-code»52, 

processing  input  range:  750-4095  /  contrast  multiplier  Gc=17. 
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In  the  12-bit  picture  of  figure  6.10  a  considerable  range  of  the  lower  valued  grey  levels  only 
occurs  in  the  foreground  of  the  scene  and  a  smaller  input  range  can  be  applied  for  the  image 
processing,  without  loss  of  information  in  the  relevant  regions.  In  figure  6.11  another  processing 
result  for  the  same  12-bit  picture  of  figure  6.10  is  given;  the  used  input  range  now  is  2800  to  4095 
instead  of  750  to  4095.  The  available  information  in  the  relevant  region  now  is  more  obvious  and 
clearly  presented.  The  optimum  contrast  multiplira'  Gc  now  is  smaller  than  in  figure  6.10,  and 
apparently  is  caused  by  the  extended  range  transformation,  which  now  contributes  to  a  part  of  the 
contrast  enhancement 


Figure  6.11;  File;  M0708P20.IM1  /  processed  12-bit  with  photopic  filter, 
date;  7-8-1990  /  local  time;  14;37:01. 
session;  7.3  /  scenario;  3A, 
site  block;  42,  fig.3.4B, 

PIN-code=  9  /  IQ-code=53, 

processing  input  range;  2800-4095  /  contrast  multiplier  Gc=10. 


Examples  with  large  regions  obscured  by  vehicle  raised  dust  and  fast  changing  transmission 
characteristics  are  given  in  fig.6.12  by  a  12-bit  picture;  in  fig.6.13  by  a  similar  8-bit  picture,  taken 
13  seconds  later  and  in  fig.6.14  by  a  12-bit  picture,  taken  another  14  seconds  later.  All  three 
pictures  are  taken  without  a  photopic  filter.  In  fig.5.14  the  transmission  of  the  dust  cloud  is  clearly 
decreased  now  compared  with  the  previous  pictiues,  but  still  sufficient  to  make  perceivable  some 
more  information  firom  the  scene  behind  the  dust  by  means  of  the  image  processing.  The  contours 
of  a  vehicle  for  instance  can  be  observed  now.  It  might  be  clear  that  the  8-bit  versus  12-bit 
performance  caimot  be  evaluated  with  such  sequences  of  pictures,  because  the  transmission 
changes  significantly  within  10  to  20  seconds,  which  is  often  the  time  delay  necessary  for  taking 
and  saving  successive  pictures  (see  also  paragraph  4.4). 


Figure  6.12;  File;  M0808A48.IM1  /  12-bit  without  photopic  filter, 
date;  8-8-19S)0  / local  time;  10;5l;ll, 
session;  8.2  /  scenario;  3A, 
site  block;  42,  fig.3.4B, 

PIN-code=  8  /  IQ-code=62, 

processing  input  range;  2500-4095  /  contrast  multiplier  Gc>=9. 


Hgure  6.13;  File;  M0808A49.IM8  /  8-bit  without  photopic  filter, 
date;  8-8-1990  /  local  time;  10;51;24, 
session:  8.2  /  scenario:  3A, 
site  block:  42,  fig.3.4B, 

PIN-code*=  9  /  IQ-code^2, 

processing  input  range:  115-215  /  contrast  multiplier  Gc=10. 
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Figure  6.14:  File:  M0808AS0.IM1  /  12*bit  without  ]rfK>topic  filter, 
date:  8-8-1990  /  local  time:  10:51:38. 
sessicxi:  8.2  /  scenario;  3A, 
site  block:  42,  fig.3.4B. 

PIN-code=  8  /  IQ-code=43/52, 

processing  input  nuige:  2700-4095  /  contrast  multiplier  Gc=8. 

In  scenario  3B  also  smoke  generated  by  fire  can  be  present,  beside  the  (fast  moving)  vehicle 
raised  dust.  An  example  is  given  in  fig.6.1S  by  an  8-bit  picture  taken  with  a  photopic  filter. 

The  remarks  on  scene  blurring  and  processing  results,  given  with  the  exan^les  under  the 
scenarios  3A  (fast  moving  vehicles)  and  2B  (smoke),  are  also  especiaUy  valid  for  this  example. 
By  processing  the  contours  of  the  smoke  as  well  of  the  dust  cloud  fiom  a  passing  vehicle  can  be 
made  visible  in  a  different  way;  smoke  always  with  darker  grey  levels  than  dust  clouds.  Also  the 
origin  of  the  fire  can  clearly  be  observed  now  and  many  details  along  the  forest  border.  In  general 
the  transmission  of  smoke  is  better  than  that  of  dust  clouds. 

Another  example  of  an  8-bit  picture  taken  without  a  photopic  filter,  with  mainly  smoke  as  the 
obscurant,  is  given  in  figure  6.16.  Because  of  the  darkened  picture  in  the  relevant  regions,  a  very 
small  input  range  could  be  applied  in  the  processing,  which  results  in  a  remarkable  improvement. 
Also,  here  the  origin  of  the  fire  becomes  perceivable.  In  general,  scenario  3B  and  scenario  3A 
benefited  most  from  the  image  processing.  Especially,  when  smoke  is  the  main  obscurant,  image 
processing  often  results  in  a  spectacular  improvement  in  vision. 


Figure  6.15:  File:  M0608P19.IM8  /  8-bit  with  piotopic  filter, 
date:  6-8-1990 /local  time:  15:09:11, 
session:  6.3  /  scenario:  3B, 
site  block:  41/42,  fig.3.4B. 

PIN-code=  8  /  IQ-c^e=43, 

processing  input  range:  170-255  /  contrast  multiplier  Gcb3. 


Figure  6.16:  File:  M0608P58.IM8  /  8-bit  without  photopic  filter, 
date;  6-8-1990  /  local  time:  16:38:55, 
sessirai;  6.3  /  scenario:  3B, 
site  block:  42,  fig.3.4B, 

PIN-code=  9  /  lQ-code=62/53. 

processing  input  range:  15-60  /  contrast  multiplier  Gc*13. 
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Figure  6.8;  8-bit  picture  with  dust  raised  by  a  column  of  vehicles  /  scenario  3  A. 
Top  before  processing,  bottom  after  processing. 
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12-bit  picture  with  dust  raised  by  column  of  vehicles  /  scenario  3A. 
Top  before  processing,  bottom  after  processing. 
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Figure  6.11:  Pn^essed  1 2-bit  picture  with  dust  raised  by  column  of  vehicles  /  scenario  3  A  /  same  picture 
as  in  fig.6.10,  now  processed  with  smaU  input  range. 


Figure  6.13;  8-bit  picture  with  smoke  and  vehicle  taised  dust  /  scenario  3B. 
Top  before  processing,  bottom  aftc.  processing. 


p»f' 

69 


6.4  Scenario  4 


DetectionAecognition  of  vehicles  in  attack  formation. 


In  scenario  4A  only  vehicle  raised  dust  is  pesent  and  in  scenario  4B  also  dust  clouds  from  sand 
bag  explosions  can  be  perceived.  In  scenarios  4C  through  4E  the  battle  field  effects  were 
generated  near  the  observers  at  the  MIA  (Main  Instrumentatioo  Area)  and  could  not  be  recorded 
by  the  cameras  at  the  FIA  (  about  2.5  km  from  the  MIA).  Becauae  of  the  relative  low  ^leed  of  the 
vehicles,  the  scene  bluning  is  comparable  with  that  in  the  scenarios  2  and  1  Most  of  the 
information  is  already  perceivable  before  processing.  Processing  often  results  in  clearer  and 
sharper  pictures,  thus  a  comfortable  presentation.  Examples  of  such  sharpened  images  are  given 
with  the  8-bit  images  in  figure  6.17  for  scenario  4A  and  in  figure  6.18  for  scenario  4B.  Especially 
in  figure  6.18,  the  perception  of  the  jeep  is  considerably  improved. 


Figure  6.17  file:  M3007P18.IM8  /  8-bit  with  photopic  filter, 
date:  30-7-1990/  local  time:  15:02:54, 
session:  30.3  /  scenario:  4A, 
site  block:  42,  fig.3.4B, 

PIN-code-  7  /  lQ<od©.71, 

processing  input  range:  15-180  /  contrast  multiplier  Gc»5. 


Figure  6.18  file:  M0608A08.IM8  /  8-bit  witii  photopic  filter, 
date:  6-8-1990  /  local  time:  12:47:34, 
session;  6.2  /  scenario;  4B, 
site  block:  42,  fig.3.4B, 

PIN-code-  46  /  IQ<ode-81, 

processing  input  range;  25-240  /  contrast  multiplier  Gc»10. 


Figure  6  17:  8-bii  picture  with  vehicle*  in  attack  formation  with  slight  vehicle  raised  dust  /  scetuvio 
Top  before  processing,  bottom  aher  processmg 
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Figure  6  18:  '8-bit  picture  with  vehicles  in  attack  formation  /  scenario  4B. 
Top  before  processing,  bottom  after  processing. 
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6.5  Low  Light  Level  imaging 

A  two  stage  Image  Intensified  CCD-camera  has  been  used  during  some  night  trials,  to  record  still 
video  pictures  at  very  low  light  levels.  The  specification  of  this  camera  has  been  given  in  table 
3.1. 

Nearly  all  the  pictures,  taken  at  night  with  thu  n  CCD-camera,  are  severely  blurred  by  the  1  Hz 
flashlight  that  was  used  as  aircraft  beacon  during  the  night  trials.  An  example  of  such  a  picture  is 
given  in  fig.6.19. 

Figure  6.19:  File:  M0208N08.IM9  /  image  intensified  without  photopic  filter, 
date:  2-8-1990  /  local  time:  05:13:16, 
session:  2.1  /  scenario:  IL, 
site  block:  227,  fig.3.4A, 

PIN-code=  8/  IQ-code=40, 

processing  input  range:  5-250 /contrast  multiplier  GcbI. 

Processing  renders  only  some  better  contours  of  the  black  board  in  the  upper  right  of  the  picture. 
The  full  range  of  grey  levels  is  already  present  in  the  original  picture,  so  any  relevant  range 
transformation  is  not  possible.  Also  an  effective  local  contrast  enhancement  cannot  be  carried  out 
(see  Gc  «  1)  because  of  the  very  low  contrast  dynamics  (mainly  black  and  white  spots),  which  is 
present  in  the  original  picture. 

Also  by  daylight,  pictures  could  be  taken  with  the  n  CCD-camera  due  to  the  fast  gating  utility  in 
the  first  stage  of  the  image  intensifier  tube  (MCP  part).  The  contrast  resolution  in  the  Image 
Intensified  daylight  pictures  showed  to  be  significant  lower  than  in  the  8-bit  daylight  CCD- 
camera  pictures  and  equal  or  less  than  that  of  the  monitor.  In  general,  processing  then  results  only 
in  a  more  comfortable  presentation  of  information  that  can  already  be  perceived  in  the 
unprocessed  picture.  Unfortunately  the  image  intensifier  gain  could  not  be  fixed  at  a  wanted  low 
level  during  the  trial.  It  has  been  shown  afterwards  that  an  as  low  as  possible  gain  with  a 
corresponding  longer  gating  time  can  result  in  considerably  better  pictures. 

An  example  of  an  automatic  gain  controlled  image  intensified  daylight  picture,  recorded  in 
Mourmelon,  is  given  in  fig.6.20. 

figure  6.20:  File:  M0808A23.IM9  /  image  intensified  with  photopic  filter, 
date:  8-8-1990 /local  time:  10:02:27, 
session:  8.2.  /  scenario:  3A, 
site  block:  42/43,  fig.3.4B. 

PIN-code=  8/  IQ-oxleBSO, 

processing  input  range:  50-255  /  contrast  multiplier  Gc>cl. 
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Cooling  the  sensor  of  the  12-bit  camera  limits  the  thermal  generated  noise  to  the  specified  level 
and  results  in  a  background  limited  imaging  system.  This  allows  long  exposure  times  under  low 
light  level  conditions.  The  photo  in  fig.6.21  represents  a  picture  taken  early  in  the  morning  with 
an  exposure  time  of  four  seconds  and  yet  with  the  illumination  just  up  to  a  small  fraction  of  the 
sensors  saturation  level  (see  input  range). 

The  processing  shows  nonetheless  that  relevant  information  has  been  recorded  and  can  be  made 
perceivable  by  processing. 


Figure  6.21;  F  Je;  M0208N13.IM1  /  12-bit  without  photopic  filter, 
date:  2-8-1990/ local  tiine:  05:19:54, 
session:  2.1  /  scenario;  IL, 
site  block;  22,  fig.3.4A, 

PIN-codes  8  /  IQ-code-41/32, 

processing  input  range:  40-450  /  contrast  multiplier  Gc*2. 
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Figure  6. 19:  Image  Intensified  CCD-camera  picture,  taken  at  low  light  level,  blurred  by  flashlight  / 
scenario  IL. 

Top  before  processing,  bottom  after  processing. 
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Figure  6.21 :  Processing  result  of  12-bit  picture  taken  at  low  light  level  with  4  seconds  of  exposure  time  / 
scenario  IL. 

Top  before  processing,  bottom  after  processing. 
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Survey  of  parameters  for  toe  pictured  images 


Table  6.1:  Parameters  of  the  images,  pictured  in  the  figures  of  chapter  6. 


Fig. 


seen 

file 

time 

phot  IQ 

PIN 

Xmin  Xmax  Gc 

filt 

IR  M2008A29JM8  10:12:04  no  81 


2ALP  M3107P41JM1  10.-03:25  no  61 


2ALP  M3107P43JM1  16.-05:0S  no  61/62 


2BLP  M0108P07JM1  14:25:02  yes  62  8 


2CLS  M3107A17JM8  10:22:40  yes  40 


M0808A48.IM1  10:51:11  no  62  8 


M0808A49.IM8  10:51:24  no  62 


M0808A50JM1  10:51:38  no  43/52  8 


M0608P19JM8  1S.-09:11  yes  43 


M0608P58JM8  16:38:55  no  62/53  9 


M3007P18JM8  15:02:54  yes  71 


M0608A08.IM8  12:47:34  yes  81  46 


M0208N08.IM9  05:13:16  no  40  8 


M0808A23.IM9  10:02:27  yes  50 


M0208N13.1M1  05:19:54  no  41/32  8 


16  164  5 


1500  4095  8 


240  10 


.2 

2CLS 

M3107A18.IM1 

10:23:04 

yes 

51 

8 

1800 

3630 

10 

.2 

2CLS 

M3107A19JM8 

10:23:16 

yes 

62 

8 

80 

215 

12 

3A 

M0708P44JM8 

14:36:52 

yes 

40 

6 

40 

165 

12 

i 

3A 

M0708P45JM1 

14:37:01 

yes 

53 

8 

1700 

3900 

10 

6.10 

7.3 

3A 

M0708P20JM1  14:04:03  yes  52 

9 

750 

5 

17 

6.11 

ft 

53 

2800 

409 

5 

10 

2500  4095  9 


115  215  10 


2700  4095  8 


255  3 


15  60  13 


15  180  5 


25  240  10 


5  250  1 


50  255  1 


40  450  2 


illl 
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Some  of  the  images  in  table  6.1  have  been  assigned  two  values  for  its  IQ-code.  The  first 
mentioned  value  corresponds  with  the  value  (for  the  corresponding  image)  given  in  the  list  of 
xlings  (Appendix  Q  and  in  the  list  of  processed  images  (Appendix  D).  These  values  have 
determined  on  basis  of  the  monitor  displayed  pictures.  An  eventual  second  value  of  the  IQ- 
has  been  chosen  on  basis  of  the  (original)  video-prints  as  they  are  used  in  this  report.  The 
s  are  not  always  unambiguous:  the  effect  of  processing,  for  instance,  might  be  tqjpreciated 
between  1  and  2  or  between  2  and  3.  The  final  choice  then  can  depend  on  the  way  of  displaying 
the  picture. 
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7  CONCLUSIONS  AND  RECOMMENDATIONS 

a  Processing  results  in  a  relevant  inprovement  of  the  monitor  perception  of  still  video  pictures 
for  about  90%  of  the  processed  12-bit  pictures  and  for  about  70%  of  the  processed  8-bit 
daylight  pictures. 

b  Pictures  blurted  by  smoke  due  to  fires  and/or  blurred  by  dust,  raised  by  fast-moving  vehicles 
(scenario  3B  and  scenario  3A)  benefited  most  fiom  the  dedicated  image  processing. 

Simple  analysis  shows  that  in  general  the  transmission  through  smoke  has  been  somewhat 
better  than  through  dust,  at  Mourmelon.  The  transmission  of  dust  clouds  can  change 
considerably  within  10  to  20  seconds. 

c  The  contrast  loss  through  dust  clouds  in  pictures,  taken  immediately  after  sand  bag 

explosions,  is  so  large  that  neither  before  nor  after  image  processing  any  information  about 
the  scene  behind  the  dust  cloud  was  observed  and  therefore  ao  informatioo  had  been 
recorded.  However,  within  about  30  seconds  after  the  explosion  the  transmission  is  already 
considerably  improved,  a  significant  effect  of  processing  is  observed  as  well. 

d  The  difference  in  performance  of  the  8-bit  daylight  and  of  the  12-bit  camera  can  clearly  be 
shown  by,  and  only  after,  image  processing.  An  improved  camera  perfoimance  is  relevant 
therefore  in  combination  with  image  processing. 

e  Pictures,  taken  with  automatic  gain  control  of  Image  Intensified  CCD-cameras,  are  severely 
bloomed  by  flash  light  sources.  Sometimes  a  solution  might  be  found  by  optimizing  the 
gating  and  gain  controls.  In  daylight  pictures  the  intensifier  gain  must  be  kept  as  low  as 
possible. 

No  relevant  effect  in  processing  the  image  intensified  pictures  is  observed. 


f  With  high  performance  cameras,  relevant  'still'  pictures  can  be  made  at  low  light  levels  (with 
a  better  quality  than  with  LLL  cameras  down  to  a  limited  light  level). 
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LEGEND  OF  TABLES 

seen  ;  type  of  scenario 

L=left  track  ;  LS=left  slow  ;  LF=left  fast 
R=Tight  track  ;  RS=right  slow 

session:  number  according  best-two  testplan  [2] 

aa.b  with  aa=day  number  of  date 
b=  following  number  of  session  on  that  day,  with; 
b=l  (early)  night  session,  corresponding  with  N  m  Blename 
b=:2  morning  session,  corresponding  with  A  in  filename 
b=3  afternoon  session,  corresponding  with  P  in  filename 
b=4  late  lught  session  (no  CCD  recordings) 

tunc  :  tunc  period  within  the  session  during  which  the  unages  have  been  recorded 

(local  dme) 

obscurant:  the  mam  obscurant  during  the  session. 

only  one  is  indicated,  more  information  can  be  extracted  from  the  best  two 
testplan  [2] 

DESCRIPTION  OF  TRIAL  ASPECTS 

run  time  time  of  one  complete  run  along  one  of  the  tracks 

pwsition  of  the  vehicles  can  be  uiferred  from  VaJeton  c.s  [4] 

nr  . runs  number  of  runs  m  that  session 

m  veh  number  of  vehicles  per  run  in  that  session 

speed  averaged  speed  of  the  vehicles  in  Aat  session 

more  details  in  Valcton  c.s  14] 
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formation; 


vehicle  types: 


remarks: . 


image  file: 


12-bit  orig. 
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time  'distance'  in  between  passing  of  2  vehicles,  'column'  means  the  mentioned  nr 
of  vehicles  drive  in  a  column  with  a  distance  of  about  50  meter  between  the 
vehicles;  a  mentioned  'time  distance'  together  with  'column'  indicates  the  time  in 
between  2  columns. 

'att'  or  'attack'  refers  to  a  niunber  of  vehicles  in  attack  formation  and  'stop'  refers  to 
the  time  the  formation  is  halted  (see  also  [2]  and  [4]). 

L2=  Leopard  2  tank 
Pi=  tracked  vehicle  PRI 
Pa=  tracked  vehicle  PRAT 
Ta=  tank 

Tr=  track  or  camion 

Trc=  camouflaged  track 

A3=  AMX  30  tank 

A3c=:  camouflaged  AMX  30  tank 

Al=  AMX  10  tank 

Alc=  camouflaged  AMX  10  tank 

J=  Jeep 

remarks  on  the  type  and  munber  of  used  obscurants 

filename  during  testweek:  MTddmmnn.IMc 
ddsday  number 

mm=month  and  nn=following  number 

c=:  camera  type,  with  c=l  for  the  12-bit  daylight,  c=8  for  the  8-bit  daylight  and 
c=9  for  the  image  intensified  8-bit  cam^a. 
filename  during  regular  trials:  Mddnunbnn.IMc 

dd,  mm,  nn  and  c  as  given  for  the  testweek,  and  ba  type  of  session  with  b**  N,  A 
or  P  according  the  session  number,  given  under  'session*. 

total  number  of  original  12-bit  images,  recorded  in  the  corresponding  session. 


12-bit  proc..  number  of  processed  12-bit  images,  out  of  the  corresponding  session. 
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12-bit  US-db.  number  of  12-bit  images,  selected  for  the  US  database  out  of  the  corresponding 
session. 

12-bit  Fi-db  number  of  12-bit  images,  selected  for  the  final  database  out  of  the  corresponding 
session. 


8-bit  orig.  total  number  of  original  8-bit  images,  recorded  in  the  corresponding  session. 

8-bit  proc.  number  of  processed  8-bit  images,  out  of  the  corresponding  session. 

8-bit  US-db.  number  of  8-bit  images,  selected  for  the  US  database  out  of  the  corresponding 

session. 


8-bit  Fi-db 


number  of  8-bit  images,  selected  for  the  final  database  out  of  the  corresponding 
session. 
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seen. 

1  session 

1  time 

image  file  ( 

12bit  ( 

t2bit  (12-bit(12-bitl8-bit  (8-bit  (8-bit  (8-bit 

1 

(orig.  (proc.  (US-db  (Fi-db  ( 
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B.l  THE  PIN  CODE 

The  PIN  code  (Picture  Liteiest)  is  a  one  or  two  digit  number,  that  is  assigned  to  any  of  the  image 
files.  This  number  can  be  found  in  column  18  of  the  listing  of  recordings  given  in  Annex  C. 

The  first  digit  (if  prewnt)  refers  to  a  special  class  of  images  and  the  second  to  the  interest  of  the 
picture.  The  interest  of  the  picture  may  be  determined  by  the  efiect  of  processing,  to  be  expected, 
but  may  also  refer  to  interesting  aspects  of  the  site,  the  trials  or  interesting  battle  field  effects. 
Low  quality  pictures  with  few  information  may  e.g.  have  a  hi^  interest  number  when  they  can  be 
used  for  demonstration  purposes  of  special  effects  or  phenomena  to  be  described. 

A  nice  picture  with  a  lot  of  information  can  be  of  low  interest  (PIN  code  ^  5  e.g.),  eq>ecially 
when  the  information  already  is  presented  in  a  clear  and  comfortable  way  and  several  specimen  of 
this  kind  of  pictures  already  are  present  in  the  data  base.  On  the  other  hand,  such  a  picture  may 
have  a  high  Image  (Quality  (IQ)  number  (see  paragraph  B.3). 

All  the  PIN  code  munbers  have  been  determined  by  mutual  arrangement  of  2  or  3  independent 
observers. 

The  first  digit  of  the  PIN  code  refers  to  one  of  the  following  classes: 

1  =  image  disturbed  by  camera  movements 

2  =  condense  on  sensor  sinface 

3  e  dark  picture  ( for  determining  noise  level  e.g.) 

4  s  ovo'-exposed  image 

5  s  ice  on  sensor  surface 

6,  7  and  8  are  pictures,  taken  at  the  Mourmelon  site,  but  not  during  the  official  battle  field 
sessions.  Pictures  may  nevertheless  contain  'battle  field'  like  aspects.  These  pictures  axe 
differentiated  according : 

6  =  pictures  of  this  special  category  and  simultaneously  belonging  to  one  of  the  categories 

1, 2  and/or  5 

7  s  pictures  of  diis  special  category  and  simultaneously  belonging  to  one  of  the  categories  3 

and/or  4 

8  -  pictures  of  this  special  category,  but  not  belonging  to  one  of  the  categories  1  up  to  and 

including  5 


9  a  private  pictures  and/or  pictures  without  any  coimection  with  the  Mourmelon  trials. 
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Most  of  the  regular  pictures  do  not  belong  to  one  of  these  categories  and  then  have  only  a  one 
digit  PIN  code  number,  which  refers  to  the  interest  of  the  picture. 

The  list  of  image  files,  to  be  given  in  Annex  C  will  contain  no  pictures  out  of  categories  1, 6  and 
9.  All  the  categories  are  mentioned  here  in  order  to  explain  the  differences  between  this  list  and 
the  first  (draft)  list,  distributed  at  the  ’Soesteiberg'  meeting  in  October  1990  [5]. 

The  second  (or  single)  digit  of  the  PIN  code  refers  to  the  interest  of  the  picture  in  the  following 
way : 

0  =  completely  unsuccessful  pictures  ;  will  not  be  included  in  the  final  list  of  recordings. 

1  =  n.a. 

2  a  n.a. 

3  =:  unsharp  images ;  will  not  be  included  in  the  final  list  of  recordings. 

4  s  bad  quality  and  uninteresting  pictures ;  will  not  be  included  in  the  final  list  of  recordings. 

5  =:  uninteresting  pictures,  because  of  missing  any  battle  field  effects  and/or  no  effect  of  image 

processing  is  expected  and/or  many  similar  pictures  are  present  in  the  data  base. 

Nevertheless  these  pictures  might  have  good  image  quality. 

6  =  moderate  interesting,  because  of  its  frequent  occurrence.  Some  effect  of  processing  is 

expected. 

7  =  reasonably  interesting  pictures  with  respect  to  battle  field  effects  or  processing  effects. 

8  -  large  effect  of  processing  expected  and/or  special  battle  field  effect  present. 

9  -  unique  picture,  because  of  its  occurrence  and/or  processing  effect. 
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B.2  SELECTIONS 

The  selections  for  the  US-database  and  for  the  Final  database  have  been  made  only  by  using  the 
described  picture  interest  (  second  digit  in  the  PIN-code  number  or  the  single  digit  PIN-code 
number).  In  assigning  the  PIN-code,  a  wanted  selection  might  have  been  taken  into  account. 

B  .2. 1  Selection  for  the  US-database 

The  selected  images  for  (and  transmitted  to)  the  US-database  are  indicated  by  a  letter 'd'  in 
column  20  of  the  listing  of  recordings  in  Appendix  C.  These  image  Bles  are  available  from  the 
US-database. 

The  selection  rules  have  been; 

a  of  class  0  (single  digit  PIN-code)  images  with  PIN-code  6,7,8  and  9 

b  of  class  1  no  images 

c  of  class  2  images  with  PIN-code  8  and  9 

d  of  class  3  images  with  PIN-code  7,8  and  9 

e  of  class  4  images  with  PIN-code  7,8  and  9 

f  of  class  5  images  with  PIN-code  8  and  9 

g  of  class  6  no  images 

h  of  class  7  images  with  PIN-code  8  and  9 

i  of  class  8  images  with  PIN-code  7,8  and  9 

j  of  class  9  no  images 

k  of  Image  Intensified  CCD  images  (extension  *.IM9) 
the  images  with  PIN-code  8  and  9 

B.2.2  Selection  for  the  frnal  database 

The  selections  for  the  final  database  (at  FEL-TNO),  according  the  here  below  given  rules,  are 
indicated  with  the  letter  V  in  coltunn  20  of  the  listing  of  recordings  in  appendix  C.  AH  the  image 
files  in  the  US-database  also  are  included  in  the  final  database;  the  selection  is  somewhat 
extended;  for  the  final  database,  the  lowest  PIN-code  numbers  are  1  lower  than  for  the  US- 
database. 

For  RSG15  nation  members,  the  image  files  in  the  final  database,  coded  with  a  V  and  which  are 
not  available  from  the  US-database,  can  be  made  available  by  a  request  to  the  author  of  this 
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report.  In  the  final  database,  as  described  in  appendix  C,  also  all  the  processed  images  are 
included;  some  of  these  have  low  image  quality  mid  are  not  coded  with  a  'r'. 

The  selecbon  rules  for  'r'  coded  images  in  the  final  database  have  been: 

a  of  class  0  (single  digit  PIN-code)  images  with  PEN-code  5,6, 7 ,8  and  9 

b  of  class  1  no  images 

c  of  class  2  images  with  PIM~code  7,8  and  9 

d  of  class  3  images  with  PIN-code  6,7,8  and  9 

e  of  class  4  inuiges  with  PIN-code  6,7,8  and  9 

f  of  class  5  images  with  PIN-code  7,8  and  9 

g  of  class  6  DO  images 

h  of  class  7  images  with  PIN-code  7,8  and  9 

I  of  class  8  images  with  PIN-code  6,7,8  and  9 

j  of  class  9  no  tmag cs 

k  of  Image  Iniensilied  CX'D  images  (extension  *  IM9)  images 
with  PIN  code  7,8  and  9 
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B.3  THE  IQ  CODE 

The  IQ  code  (Image  Quality)  is  a  two  digit  niimber  describing  the  'photogri^hic'  quality  of  the 
picture.  This  number  can  be  found  in  column  19  of  the  listing  of  recordings  given  in  Annex  C. 
The  first  digit  describes  the  image  quality  before  proce^ing.  The  second  digit  gives  the  effect  of 
the  dedicated  image  processing. 

The  first  digit  of  the  IQ  code  refers  to  the  quality  of  the  original  picture  before  processing  in  the 
following  way : 

0  =  completely  unsuccessful  image 

1  =  unsharp  and/or  blurred  by  camera  movements 

2  s  condense  or  ice  on  the  surface  of  the  sensor 

3  =  dark  picture  or  picture  without  any  information,  except  some  grass  in  the  foreground. 

4  ss  picture  without  any  relevant  information  visible.  The  presence  of  only  trees,  grass  (all  kind 

of  vegetation)  and  the  sl^  with  clouds  is  accepted  to  be  of  no  relevance,  even  when  these 
objects  are  clearly  presented  before  processing. 

5  =  bad  picture  with  some  relevant  information. 

6  =  relevant  information  clearly  presented  in  local  parts  of  the  image ;  large  parts  may  be  blurred 

however  by  battle  Held  effects. 

7  =  picture  with  reasonable  photographic  quality ;  yet  small  parts  may  be  blurred  by  dust  and/or 

smoke. 

8  s  nice  picture ;  small  battle  field  effects  may  be  present,  but  will  not  disturb  other  relevant 

information. 

9  =  fiilly  clear  pictures  ;  it  is  not  expected,  that  image  processing  will  result  in  image  quality 

improvement. 

The  second  digit  in  the  IQ  code  number  indicates  the  effect  of  the  dedicated  image  processing  in 
the  following  way : 

0  s  there  is  no  effect  of  image  processing ;  no  new  information  has  become  visible,  nor  the 
already  visible  information  is  more  clearly  presented. 

1  =s  no  new  information  has  become  visible,  but  the  image  processing  has  resulted  in  a  clear  and 
sharp  picture  with  a  more  clear  and  comfortable  presentation  of  the  visible  information. 
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•l 

1 

5 

5 

]  2  =  some  new  information  has  become  visible  and  a  more  clear  presentation  of  all  the 

?  information  has  resulted. 

^  3  =  remarkable  (much)  new  information  has  become  available  and  is  clearly  presented. 


The  IQ  code  number  has  been  determined  by  a  single  observo^  Or  by  mutual  arrangement  of  two 
observo^s.  The  IQ  code  numbers  of  a  limited  selection  have  been  determined  by  mutual 
arrangement  of  three  observers.  This  limited  selection  can  be  used  as  a  test  case  for  a  single 
observer.  The  image  file  names  of  this  selection  are  given  below  with  the  corresponding  code 
numbers. 


filename 

extension  file  name 

IQ  code 

before  {vocessing 

after  j^ocessing 

12'bit  images : 

M0108P07.IM1 

P03 

61 

M0208N13.IM1 

POl 

33 

M0708P09JM1 

P04 

62 

M0708P10.IM1 

P02 

62 

P05 

62 

M0708P20.IM1 

P04 

52 

M0708P41.IM1 

POl 

53 

M0708P75.IM1 

P02 

53 

•f 

P03 

53 

M0808A83.IM1 

POl 

43 

M3107A18.IM1 

P02 

41 

8'bit  images : 

M3107A19.IM8 

POl 

61 

M3107A17.IM8 

POl 

40 

M0808A82.IMg 

POl 

52 

M0808A56.IM8 

POl 

52 

M0808A49.IM8 

P02 

62 

M0808A30.IM8 

POl 

71 

M0808A28.IM8 

POl 

40 

M0708P74.IM8 

POl 

51 

M0708P43.IM8 

POl 

30 

M0608P74.IM8 

POl 

42 

M0608P58.1M8 

P05 

53 

Image  hitensified  ced  image: 

M0808A23.IM9 

POl 

50 
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BEST-TWO  1990 
Legend  listing  of  recordings 


Column 

Abbreviation 

Explanation 

1 

Filename 

E.g.  M3007A24.1M8 

M  m  Mourtnelon 

ddmm  **  date 

A  *  06-  12  hoar 

P  *=12-  18  hour 

N  s=  18 -06  hour 

XX  >=  running  number 

Extension 

.IMl  =  12-bits  FEL/TNO 
CCD-camera 
.IM8  ■*  8-bits  Philips 
CCD-camera 
.IM9  »  8-bits  DEP 

n-CCD-camera 

2 

Date 

Date  (YY-MM-DD) 

3 

Time 

PC-dme  “  Mourmelcm  local  time  (HH:MM:SS) 

4 

Seen 

Scenario  from  Best  Two  Schedule 

5 

Lens 

Focal  length  of  cametalens  (nun) 

6 

Diaf 

Cameialensstpp 

7 

Exp.t 

Exposure  time  or  shutter  time  (msec) 

0  =*  not  applicable 

8 

Flit 

Applied  filter  on  cameralens 

V  »  photopic  filter 
nalR  pass  filter 

0  =*  no  filter 
d  s  ND  filter  4x 
e=*ND  "  8x 
f-ND  "  400x 
or  combinations. 

9 

VIS 

Visibility  (km)  from  SnE.2U;l 

10 

T04/07 

Transmission  (%)  (0.4  -  0.7  pm)  from 
LOWTRAN.US 

11 

Light 

Light  level  (vertical)  with  Gossen  Lunasix 
(kLux),  at  CCD  location  (FIA) 

12 

Temp 

Air  t«nperature  CQ,  at  CCD  locado*'  (FIA) 

13 

TEMP 

Effective  temperature  (*Q  from  MIAl.GE 

14 

Ham 

Relative  humidity  (%),  at  CCD  location  (FIA) 

15 

HUM 

Effective  humidity  from  MIAl.GE 

16 

Direction  of  the  wind  from  MIAl.GE 
(O*  is  north) 

17 

Snel 

Wind  velocity  (m/sec)  from  MIAl  .GE 

18 

PIN 

Picture  INterest  code 

19 

IQ 

Image  (^ality  Code 

P 

Processed  (p^rocessed) 

21 

d 

Database  (d=*image  be  present  in  the  US  database) 

22 

r 

Selection  for  final  FEL-TNO  database 

23 

Comment 

More  details 
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see  iqipendix  A  and  C 

extension  *.Pxx:  processed  image  of  coresponding  original 
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scenario 
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